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No. 70 New 
Series De La- 
val Separator in 
plant of 
Emil H. Peters, 
Sugar Bush, 
Wis. 


Better than the word 


“Sterling’’ on silver 


HE name ‘‘De Laval’’ on a separa- 
tor means more to you than the 
word ‘‘Sterling’’ on silver. 

Ten or fifteen years ago 1000 silver 
dollars bought a good separator. To- 
day, the same amount of silver buys a 
De Laval of larger capacity, much 
greater skimming efficiency and im- 
proved mechanical construction. In 
other words, the value of your silver 
has remained almost stationary while 
the value of the De Laval Separator 
has increased 50% or more. 

Sterling silver, or commercially pure 
silver, remains a fixed standard of value 
because statesmen and financiers con- 
stantly strive to amy itso. Likewise, 
the De Laval has for half a century 
remained the world’s standard of sepa- 
rator value because the world’s most 


capable centrifugal engineers have 
worked unceasingly to improve and 
perfect its every detail. 

You have probably never heard an- 
other separator compared with any- 
thing but a De Laval! 

The New Series De Laval has made 
such comparisons more futile than ever. 
According to users these machines skim 
to 1/100 of 1% or less (Standard Bab- 
cock Test) with milk at normal tem- 
perature, and are in every other way 
the most wonderful separators ever 
built. That is the real test—what users 
say—not what we or any other separa- 
tor manufacturer may tell you. 

We have prepared a folder containing 
interesting letters from 12 users of 
New Series machines. Write for a 


copy. 
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Good Books in Popular Science 


I 


FUNDAMENTAL CONCEPTS OF PHYSICS. $2.00 
By Paut R. 


“This little book,"’ says the Puysicat Review, “‘is a wholly admirable sum- 
mary of the evolution of the leading physical theories of the present day. In 
simple language, within the comprehension of any educated reader, and with 
frequent enlivening touches of poetry and humor, it traces the development of 
the concepts of matter, heat, electricity and energy through the 18th and 19th 
centuries down to the startling advances of the past quarter-century.” 


II 


THE BEAVER: ITS WORK AND ITS WAYS. $3.00 
By Epwarp R. WarrEN 


*“*A simple and full account of the life and habits of one of the most interest- 
ing small animals in America." 


III 
POPULAR RESEARCH NARRATIVES, VOLUMES I, II. 
Volume I, $.50; volume II, $1.00 
By AtFrrep FLINN 


“The best review that we can give this book is simply to advise our readers 
to get it. It is made up of 50 short narratives on scientific topics, each by a 
prominent authority. It is absolutely surprising to see how much interest can 
be put into articles of only three or four pages,’’ says ScteNcE AND INVENTION. 


IV 
FOGS AND CLOUDS. $4.00 
By J. 


“‘Never before,"’ remarks the SzaMENn’s JourNaL, “‘has the language of the 
heavens been so sweepingly paraded before our eyes. The book is a contribu- 
tion to science as well as a delight to the nature lover.”’ 


Order from your bookseller or 
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HEATING EFFICIENCY REVOLUTIONIZED! 


New Pfaudler Tubular Heater most 
sturdily built and easiest to clean on market. 


ABSOLUTELY NO BY-PASSING 
NO GASKETS IN HEAD TO FOUL 
EQUIPPED WITH EXPANSION JOINTS 


EASY TO DISASSEMBLE AND 


The new Pfaudler Barrel-type Heater as it was shown 
at the recent Dairy Industries Exposition, Cleveland. 


{| The new Pfaudler Barrel-type Heater is 
- most sturdily built unit on the mar- 
et. 


§ Continuous tests under actual operating 
conditions show that it is over 90°”. effi- 
cient in transferring the B.T.U.’s in the 
jacket water into the milk within the 
tubes! 


§ The heater is provided with expansion 
joints to meet the expansion and con- 
traction created by alternate periods of 


heating and cooling. This eliminates any 
possibility of springing the equipment. 


The heads have ground seats which pre- 
vent by-passing and there are no gaskets 
to foul the milk. A bumper is furnished 
to protect the head surface. 


{ The heater may be easily disassembled 
for cleaning. Both headers and tubes 
may be removed. This is impossible 
with any other type on the market! 
Range of capacities 4,000 to 24,000 Ibs. 
Write for further details and prices. 


For detailed specifications and prices address 
THE PFAUDLER COMPANY - Dairy Division - ROCHESTER, N.Y. 
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THE JOURNAL OF Darry SCIENCE is issued bi-monthly, appearing in January, March, 
May, July, September and November. Each volume will consist of approximately 
500 pages. Subscription is by the volume only and not by the year. One volume a 
year is issued at present. 

Twenty-five reprints without covers of articles will be furnished gratis to contributors 
when ordered in advance. A table showing cost of additional reprints with an order 
slip is sent with proof. : 

Manuscripts should be typewritten and carefully revised before submission and 
should be sent to Prof. A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. 

Correspondence concerning business matters should be addressed to The Williams & 
Wilkins Company, Publishers of Scientific Journals and Books, Mount Royal and Guil- 
ford Avenues, Baltimore, U. S. A. 

1928 Volume: Volume XI, $5.00, United States, and countries within the postal union; 

. $5.50, countries outside the postal union. Prices are net, postpaid. 

Back Volumes: Volumes I-X, incl., $57.50. Single numbers, $1.00. Prices are 
net, postpaid. A number of extra odd back volumes are in stock. Prices on request. 

New Subscriptions are accepted to begin with the current issue, unless the subscriber 
gives instructions to begin the subscription with some other issue. If the subscriber 
desires, back issues of the current volume may be obtained when in stock. The pub- 
lishers do not guarantee to supply back issues, however. 

Renewal subscriptions. To avoid a break in your series, subscriptions should be 
renewed promptly on expiration. Otherwise it may prove impossible for the publishers 
to furnish the back issues missed, as only sufficient copies are printed of each issue to 
supply orders in hand. 

Claims for copies lost in the mails must be received within thirty days (domestic), 

| ninety days (foreign) of the date of issue. Changes of address must be received at 
| least two weeks in advance of issue. 
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An Opportunity 
To Secure the first study in English of the Filterable 


Viruses at a special pre-publication price 


FILTERABLE VIRUSES 


By T. M. RIVERS 
Hospital of the Rockefeller Institute for Medical Research 
AND OTHERS 


PRESENTING the sum of current knowledge of filterable viruses and 
their effects on men and animals and plants. 


Includes discussions by 


T. M. Rrvers—Some General Aspects of Filterable Viruses 
Stuart Mupp—Filters and Filtration 
ALExis CARREL—Tissue Cultures in the Study of Viruses 
Epmunp V. Cowpry—ZIntracellular Pathology in Virus Diseases 
Haroitp L. Amoss—Virus Diseases of Man as Exemplified by Poliomy- 
elitis and Herpes Simplex 
Peter K. O._irsky—Virus Diseases of Mammals as Exemplified by Foot- 
and-Mouth Disease and Vesicular Stomatitis 
Ernest W. GoopPpastURE—Virus Diseases of Fowls as Exemplified by ¥ 
Contagious Epithelioma ( fowl-pox) of Chickens and Pigeons ‘ 
Rupo_r W. GLASER—Virus Diseases of Insects 
Louis O. KuNKEL— Virus Diseases of Plants 
Jacques BRONFENBRENNER— Virus Diseases of Bacteria—Bacteriophage | 


The volume will be published April 23rd. It will be cloth bound, 
6 x 9, stamped in gold. It will include about 450 pages of text, a read- 
ing bibliography, and index, and 27 illustrations, including 15 plates 
and one color plate. The published price will be $7.50. 


If you will use the form below before April 23 you may secure a 
copy at the special pre-publication price of $5.00, a saving of $2.50. 


WILLIAMS & WILKINS COMPANY PM-FV-PRE-PUB-OB 


THE 
Mt. Royal and Guilford Aves., Baltimore, Md. 
Please enter my order for one copy of RIVERS’ FILTERABLE VIRUSES, at 
price of $5.00, which is enclosed, to be mailed to me on publication. This order’is net good afier Ap 23, Won 
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| Accurate Tests at Economical Cost! 
A Certainty That Only Established Reputation Can Assure. 


NAFIS SCIENTIFIC GLASSWARE 


Has Proved Its Value Through Its Service 


NAFIS STANDARD 
Derren covon foo 


Pat. Aug. 18, 1918 


Nafis Standard Butter Color Rod is valuable as a standard of comparison, 
containing four shades of yellow for various markets. 


| 
| 

| 


Shaw Test for fat in Butter is based 
upon scientific principles. Gives de- 
pendable results. 


Nafis Salt Test reads direct in per- 
centage of salt. Used in connection with 
the Nafis Moisture Test and a depend- 
able fat test it gives a close check on the 
composition of butter. 


Insist on having NAFIS GLASSWARE. 
Do not accept substitutes. Write for 


our instructive catalog containing direc- 


tions for many tests. 


LOUIS F. NAFIS, Inc. , satis Tse rods sie 
ie in percentage of acidity. Valuable 
for grading milk and cream for 


17-23 North Desplaines St. Chicago, Ill., U.S. A. 


ASK THE MEN WHO USE IT process of manufacture. 
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PRINCIPLES 
OF SOIL MICROBIOLOGY 


By SELMAN A. WAKSMAN 


Associate Professor of Soil Microbiology, Rutgers College, 
Microbiologist of the New Jersey A gricul- 
tural Experiment Station 


Dr. Waksman’s book is the first really comprehensive text book on 
the subject to be published in the English language and the most exhaus- 
tive ever published in any language. 


Special Features Include: 


Occurrence and distribution of microorganisms in the soil; methods 
of isolation, cultivation; physiological activities. 


Chemical processes induced and their influence upon plant growth. 
Decomposition of celluloses, proteins, lignins, etc. 


A study of soil as a medium for pathogenic organisms causing plant 
and animal diseases. 


Of interest to soil microbiologists, chemists, physiologists, bacteri- 
ologists, agronomists, scientific farmers, foresters. 


PRINCIPLES OF SOIL MICROBIOLOGY is one of those occasional books 
of such wide and general usefulness that everyone who has the least 


interest in the subject should own a copy. Libraries and laboratories 
should have several copies. 


Blue silk Gold stamped 897 pages Illustrations 


Subject and Author Index 


Price, $10.00 


Send your order to: 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 
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These Talks May Be of Value 
to You! 


ROM time to time, General Laboratories has published, in 
the pages of this magazine, various matter related directly to 
chemical sterilization. 


Below are listed some of the topics which were published. We 
shall be glad to send any of these that interest you, free on request. 


A.—To Protect Milk—Kill the Germs Before They Get 
Into the Milk. 

B.—Changing Seasons Spoil the Milk—When Spring 
Breaks High Acid Comes In. 

C.—Polluted Farm Water. 

D.—Sterilization of Milk Utensils Needs More Attention. 

E.—Shipping Milk From Wisconsin to Florida. 

F.—A Reasonable Bacterial Standard for Testing Efficiency 
of Milk Bottle Sterilization. 

G.—Influence of Utensils on Milk Quality. 

H.—When B-K is Used as the Exclusive Sterilizing Agent— 
Here is What Happens. 

I.—Sterilization by Spraying—Its Effectiveness and 
Economy. 


J.—A Good Chemical Disinfectant. 


Write us stating specifically the subjects on which you desire 
information. 


GENERAL LABORATORIES 


Dept. 164 South Dickinson St. 


Madison, Wisconsin 


Your advertisement is being read in every State and in 25 Foreign Countries 


THE EFFECT OF THE AGES OF SIRE AND DAM ON THE 
AVERAGE BUTTERFAT PRODUCTION OF OFF- 
SPRING IN DAIRY CATTLE* 


WARREN GIFFORD anv ERWIN C. ELTING 
Department of Dairy Husbandry, University of Missouri, Columbia 


Since early times many breeders, from their observations of 
dairy cattle, have concluded that immaturity and senescence of 
parents have a marked effect upon the milk and butterfat pro- 
duction of the progeny. Considering the economic importance 
of the effects of these factors upon the dairy industry, there has 
been a very scant amount of analytical consideration given to 
determine any variations in the performance records of progeny 
due to different ages of parents. 

It is well known that the age of parents affect fecundity, and 
birth weights in domesticated animals, and many investigators 
believe that sex-ratios are also affected by the same influences. 
Carmichael and Rice (3) in their study of fecundity in swine 
found that there was a gradual increase in the size of the litter 
as the sows grew older up to the time they were three years of 
age, after which the tendency for decrease in litter size became 
apparent. Jones and Rouse (10) conclude that in multiparous 
animals the size of the litters and the frequency of production 
of litters increase with the age of the female to a maximum and 
then a decline follows. They also give evidence that in general 
there is an increase of litter size with the increasing age of the 
male. The observations made on the fecundity of uniparous 
animals coincide with similar ones on multiparous animals. 
The conclusions are confirmed by King (11), Marshall (13), 
Frolich and Georgs (8), Heape (9), Duncan (6) and others. 

Donaldson (5) reports that the birth weight of rats increases 
with the increasing age of the dam. Kopec (12), as cited by the 
Experiment Station Record, in a statistical study on weights of 
young and size of litter in rabbits found that the age of dams did 


* Received for publication August 1, 1927. 
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not influence the size of litters or birth weight during the first 
two years, but that dams three years old produced larger litters 
and heavier young. Eckles (7) notes that the maturity of the 
dairy cow has some effect upon weights of calves at time of birth. 
The average weight of the first born is less than the subsequent 
calves, and there is a tendency for cows of an advanced age to 
produce calves rather smaller than those from cows in the prime 
of life. 

Parkes (15), in his studies of mammalian sex-ratios, concludes 
that there is much contradiction in the results of the many in- 
vestigations determining the effect of the age of the male upon 
sex-ratios, but found there was much evidence that young mothers 
have an excess of males and that the male percentage decreases 
with the advancing age of the dams. 

Redfield (18) as quoted by Marshall (14) published a dynamic 
theory of development in which he assumed that by exercise a 
horse acquired ‘‘dynamic development”’ which facilitated speed 
and which was transmitted to his offspring. His data, collected 
from the Index Digest for trotting horses, show that the average 
age of sires of 2:10 trotters was more than nine years at the time 
they were born. Marshall, in a similar study, believes that the 
records do not reveal any superiority of old sires over the younger 
ones. 

‘ Chaudhuri (4) studied the relation of the age of the sires and 
dams of the prize winners in the Shorthorn classes at the High- 
land and Agricultural Society’s Shows and found that with both 
the sires and dams there was a tendency for a greater number of 
offspring from immature animals but attributed these tendencies 
to the fact that young animals are kept in greater numbers by 
breeders in Scotland for breeding purposes. Allen (1) determined 
the ages of the sires and dams for cows that made very high and 
very low seven-day records as reported by Volume 27 of the 
Advanced Registry year book published by the Holstein-Friesian 
Association of America and concluded from the study of these 
extreme quartiles of production that the parentage of the high 
producing dairy cows is no older than the parentage of compara- 
tively low producing cows. 
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The amount of data presented in the literature dealing with 
the relationship of age of parents and quality of offspring are 
very meager, although from the practical breeding viewpoint it 
is clearly advantageous to know definitely whether dairy heifers 
born from immature or aged parents will on the average produce 
as much butterfat annually as those born from parents during 
the more active period of maturity. To get more quantitative 
expressions on this question the writers made a study of the 
records of Guernsey cows as reported in the Advanced Registery 
of the American Guernsey Cattle Club, to January 1, 1924, and 
have determined the relation between the age of the parents and 
butterfat production in the offspring. 


PROCEDURE 


Butterfat records, and dates of birth were secured for the 
daughters of all the sires of the Guernsey breed that have ten or 
more Advanced Registry daughters, making this special selec- 
tion of sires because it was believed that the selection made by 
breeders in discarding inferior bulls would be partially eliminated, 
and that such a selection would decrease the average production 
of groups sired by inferior animals that would fall primarily in 
young groups and not in older ones. 

Since it has been pointed out by Pearl and Patterson (17), 
Pearl, Gowen and Miner (16), and Brody, Ragsdale, and Tur- 
ner (2), that fat production in dairy cattle gradually increases 
and decreases in a logarithmic form, rising at an ever decreasing 
rate until the age of maximum production is reached and then 
gradually decreasing at an even decreasing rate with the onset 
of old age, it was deemed necessary to change the records of cows 
made at different ages to a common age record in order to secure 
comparative values from all records studied. All records were 
changed to a mature equivalent record by multiplying the 
annual fat record by the different age conversion factors given 
in table 1 as used by Turner (19). The term fat record through- 
out the remaining discussion will indicate a mature or mature 
equivalent record. In case a cow had more than one Advanced 
Registry record, the largest mature equivalent record was used. 
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When the fat records were determined and the date of birth 
recorded, the ages of the sires and dams were computed at the 
time of birth. The fat records were then grouped according to 
the age of parents at the time the progeny was born as shown in 
the correlation surfaces (tables 2 and 3). The age intervals 
include all animals within six months of the age given. 


TABLE 1 
Age conversion factor for Guernsey cows 


AGE FACTOR 
years 
Under 2 
2- 23 1.313 
24-3 1.251 
3- 3} 1.194 
34-4 1.142 
4 44 1.100 
5 1.064 
5- 5} 1.041 
6 1.023 
6- 6} 1.013 
6}- 7 1.006 
7- 7} 1.000 
7i- 8 1.000 
8- 8} 1.004 
1.009 
9- 9} 1.017 
94-10 1.029 
10-104 1.041 
10}-11 1.058 
11-114 1.075 
114-12 1.093 
12-12} 1.113 
124-13 1.137 
13-13} 1.162 
134-14 1.191 
14-143 1.219 


From the same data, all fat records were secured that had 
been made by the progeny of parents that were of the same age 
at the time they were mated, in order that any age effect a parent 
might exert upon the progeny would not be counter-balanced 
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TABLE 2 
Correlation surface for age of Guernsey cows and yearly bulterfat production 


of daughters 


TOTAL 


AGE OF DAMS IN YEARS 


10 1 | 12| 13 14 | 15 
7 
2) 
2 
0 
0 
0 
0 


| 
| 


| 


1 


-|423 |559 [517 |433 |248 |189 |122 94) 65| 36, 29, 26,3, 625 


spunod ur 


Total.... 


TABLE 3 
Correlation surface for age of Guernsey sires and yearly butterfat production 


of daughters 


¢ 


or oooce 


Ss 


87 | 61 37| 16, 6/4,090 


AGE OF SIRE IN YEARS 


392| 280} 205) 159) 


| 
7 
7 
2 
1 


4 


449) 957} 823] 502 


= 
spunod ur 


Total..... 


5 
CLASS 
| | 42 | 26 
| 32 26 | 
| 30 | 29 
| 24 | 16 
9 
7 
| 6| 5 
| alo 
| 1| 0 
gsisia 9 10 | 11 | 12 13 | 14 15 
75 78| 60 11 
25 138} 120 17| 11 
75 65) 175) 130 19 
25 | 64) 153) 137 24] 12 | 
75 61) 117) 123 23) 
25 | 47| 112) 107 22 
75 79| 47 18 
25 31 47 7 - 
75 1 27 6 : 
525 ll} 1 12 4 
2 
25 4 1 | 
75 2 0 : 
5 1 1 | 
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by the effect of an older or younger age of the other parent. 
These data are presented in the correlation surface (table 4). 

The coefficients of correlation for these three groups of data 
are presented in table 5. 

The coefficients of correlation representing the relationship 


TABLE 4 
Correlation surface for Guernsey sires and dams of same age and annual butterfat 
production of daughters 


AGE OF BOTH SIRE AND DAM IN YEARS 
CLASS TOTAL 
2 3 4 5 6 7 8 9 10 ll 12 
375 | 15] 18) 7] 9} 3) 1) 0] 0] 0] 
42 | 22] 21| 17/11 | 6 | 2] 0/14 8 
475 | 33] 15) 19/12 | 3 | 0 | 6 | 1] 3] 
525 | 30) 16/10 | 3 | 2] 0] 0] 0} & 
$8 575 | 23) 12} 6] 0) 1) 0] 1) 
BS 6% | 17| 16] 12} 6/7] 34] 0} 6 
675 | 1] 8| 5/5] 5] 1/10) 2] 82 
725 | 13} 4) 4/5 0) o} 4 
775 5} 6] 2; 07] O| 15 
2S 825 3} 2} 2} o 9 
875 Oo; 1/ 0] 0] o 3 
925 Oo} 3/0]0]0]0/] 0] 0] o 6 
1025 | O} Of 0] o 1 
Total.....| 176 | 134| 100| 72 | 37 | 24 | 17 | 4] 4 | 3| 1] 572 
TABLE 5 


Coefficients of correlation between annual butterfat production of Guernsey cows 
and age of parents at lime of birth 


COEFFICIENT OF 
CORRELATION 


Age of sires and butterfat records of proge y.................. 0.070 +0.010 
Age of dams and butterfat records of progeny.................. 0.021 +0.011 
Age of sire and dam (same age) and butterfat records of progeny.| 0.050 +0.028 


between the annual fat production of these cows and the age of 
parents at time of birth cannot be considered as significant posi- 
tive correlations in any of the three groups. The only indica- 
tion of an increase in annual fat production with age of parents 
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is in the case of the very slight relationship between the age of 
the sires and the progeny records. 

In order to observe readily any groups of variates by a certain 
age parents, either sire or dam, that diverge from the average 
mean of production for the total group, the arithmetical averages 
were obtained for the different age groups of dams and sires. 
These results are plotted in figure 1. According to this figure, 
there is not a significant indication that any particular age of 
dams have a pronounced effect upon the records of the daughters. 
There is a tendency, however, for the average records of the 


Age of Dams when Daughters were born 


‘Daughters Fat Yield Dams'Daughteps Fat Yield 


Stipes 


4 5 8 10 12 4 16 
Age of Sires when Daughters were born 


Fig. 1. AVERAGE BuTTerFaT PropucTion oF DAUGHTERS OF SIRES AND Dams 
AT DIFFERENT AGES 


daughters of the sires in the seven and eight-year-old groups to 
increase, but as the age increases the groups fall around the mean 
for the entire mass of variates. 

The data presented indicate that on the average, the ability 
of the parent to implant the characters for high butterfat pro- 
duction in its offspring does not increase with maturity nor 
decrease with senescence. In other words, the age of the sire 
and dam does not affect the butterfat production of the progeny 
in the same manner that it does birth weights, fecundity and 
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sex-ratios in animals. Butterfat production, like sex-ratios and 
all similar characters, is an inherited character governed by 
genetic continuity but is not disturbed by any physiological change 
in the parents’ bodies due to immaturity or senescence. 
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THE FREEZING POINT OF CHEDDAR CHEESE: INJURY 
OF CHEESE BY FREEZING* 


H. H. SOMMER 
Department of Dairy Husbandry, University of Wisconsin, Madison 


The freezing point of cheese and the injury of cheese by freez- 
ing are of vital importance in the determination of freight rates 
and the adjustment of claims for damage due to freezing. In 
response to a request for information on this subject for use in 
connection with a freight rate hearing before the Interstate Com- 
merce Commission a search of the literature was made. No 
published work could be found on the freezing point of cheese, 
and the only work found that approached the subject of injury 
by freezing, was the work by Babcock and Russell (1, 2) on 
the cold curing of cheese. 

Watson and Leighton (3) in response to a similar request, 
report the freezing point of a Cheddar cheese as —12.9°C. and 
of a processed Cheddar cheese as —6.9°C, and call attention that 
the freezing point of the same kind of cheese will vary depending 
upon the moisture content and degree of ripening. 

Babcock and Russell in their study of the cold curing of cheese, 
stored some Cheddar cheese directly from the press at 15°F., 
for various lengths of time. They found that cheese stored at 
15°F. for seven months had a score of 38 on flavor and 24 on tex- 
ture. This cheese, however, when subsequently stored at 40°F. 
increased in score to 42 on flavor and 28 on texture. (In the score 
card used, 45 on flavor and 30 on texture were perfect.) Cheese 
stored at 15°F. for five months, then removed to 40°F. for seven 
months, scored 44 on flavor and 28 on texture. Contrary to the 
then and still prevailing impression, subjecting the cheese to this 
low temperature, failed to develop a bitter flavor in the cheese. 

Because of the paucity of information to be found on this sub- 
ject, a limited amount of experimental work was undertaken to 


* Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. Received for publication June 6, 1927. 
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meet the request. The results of these experiments here reported 
must be regarded as a preliminary report; more extended experi- 
ments on Cheddar and other varieties of cheese are being under- 
taken. 


THE FREEZING POINT OF CHEDDAR CHEESE 
Method used 


At the outset freezing point determinations were made using 
thermocouples of copper-constantin junctions. It was soon 
found that the freezing points of different samples of Cheddar 
cheese differed widely, and in view of these wide differences and 
other considerations, an accuracy of 0.1°C. was considered ample. 
With no greater precision required, and with thermometers of the 
desired precision readily available, it was decided to use thermom- 
eters rather than thermocouples which require vigilant care to 
obtain trustworthy results. 

The thermometer used in this work was a mercury thermometer 
calibrated to 0.1°C. The bulb of the thermometer was 10 mm. 
long and tapered from a diameter of 5 mm. at the upper part to 
2.5 mm. at the tip. In the first determinations 2-inch cubes of 
cheese were used. The thermometer bulb was inserted to ap- 
proximately the center of this cube after a suitable sized hole 
had been cut with a cork borer. The cube of cheese with the 
thermometer was placed in the ice cream hardening room which 
ranged in temperature from —18° to —26°C. Temperature 
readings of the cheese were made at suitable intervals and 
recorded. 

With the 2-inch cubes of cheese, the typical freezing curve was 
not obtainable with certainty, in that supercooling usually did 
not occur. It was thought that this was due to the size of the 
cube; supercooling and freezing would take place at the surface 
before the center of the cheeze cube had reached the freezing 
point; the ice crystals thus formed in the outer parts of the cube 
would then inoculate the crystallization as the cooling proceeded 
towards the center, and thus prevent supercooling of the cheese 
immediately surrounding the thermometer bulb. In order to 
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obtain a characteristic freezing point curve with greater certainty, 
it was, therefore, decided to use a l-inch cube of cheese. No 
further trouble was then experienced, characteristic supercooling 
was obtained in all cases where the 1-inch cube was used. 


erature Centigrade 


Temp 


60 100 120 140 


20 40 60 
Time tn (Ninutes 


Fie. 1 


Figure 1 shows the results obtained with a l-inch and a 2-inch 
cube of thesame cheese. The highest point to which the tempera- 
ture rose after supercooling in the l-inch cube was —6.8°C. In 
the case of the 2-inch cube there was no supercooling, but the 
temperature curve indicated that the freezing point was —6.65°C. 
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(The results in figure 1 correspond to Cheese No. 7 in table 1.) 
The agreement between these two results is considered close 
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enough to justify the inclusion of the results obtained with the 
2-inch cubes. The agreement is a fair indication of the degree of 


accuracy in the results reported. 


TABLE 1 
The freezing point of Cheddar cheese 


SIZE OF 


TEMPERATURE 


°C. 

- 0 —5.55 

: 35 33.19 2 +6 —5.75 

3 76 36.69 2 -—6.4 

0 —5.5 

6 381 33.77 1 -12 -14.3 

1 —10 -6.8 

7 74 33.41 

—§ —5.62 

—8 —6.15 

—5.15* 

—8 ~5.40* 

12 389 32.06 1 +6 -11.3 

8 347 33.17 1 +6 —10.8 

32.80 1 +6 12.9 


* Excessive supercooling. 


Greater accuracy tLan the above was considered unnecessar-7 
because (1) there is a much wider difference in the freezing points 
of different samples of the same variety of cheese; (2) the practi- 
cal application of these results would probably not take cogniz- 
ance of fractions of a degree; (3) in duplicate determinations on 
the same cheese wider differences are likely to be found because of 
non-uniformity of the cheese; (4) in determining the freezing 
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point of a solid it is useless to strive for the same accuracy that 
can be attained in the case of liquids because stirring is impos- 
sible and it is difficult to control the extent of supercooling. 


Results obtained 


The results obtained in the work on Cheddar cheese are given 
in table 1. The size of the cheese cubes used in each case and the 
temperature of the room in which the freezing took place are 
given. The age and the moisture content of the cheese are also 
given because of their relation to the freezing point. 

An inspection of this table shows that the freezing points of the 
Cheddar cheese samples tested ranged from —4.3° to —14.3°C. 
In seeking the cause for this wide difference, it will be noted that 
the lowest freezing point was obtained with the cheese that was 
over a year old. (Sample No. 6 and No. 12 to 15 inclusive, 
table 1.) The indication is that the age of the cheese, the degree 
of ripeness, is an important factor in the freezing point. 

On the basis of theoretical knowledge, we know that the freez- 
ing point of cheese is dependent upon the amount of water pres- 
ent and the amount and character of the substances dissolved in 
this water. Thus the water content and the salt content of the 
cheese must be factors that fix the freezing point of cheese. In 
addition water soluble substances other than salt also must be a 
factor. It is known that in the cheese ripening, the water soluble 
substances increase; thus the degree of ripeness of the cheese must 
also be a factor. The results thus far obtained indicate that this 
latter factor is of such importance that it overshadows the im- 
portance of the moisture and salt content of the cheese within the 
limits of variation encountered in these samples. 


THE INJURY OF CHEESE BY FREEZING 


In this preliminary study of the injury of cheese by freezing, 
a limited number of cheeses were subjected to temperatures 
well below the freezing point of cheese for various lengths of time. 
The cheeses were subsequently stored in the cheese curing room 
to thaw out gradually and were then examined. In the case of 
six different cheeses the scores of the frozen and unfrozen cheeses 
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and a photograph showing the appearance of these cheeses, are 
available. These cheeses had been kept in the ice cream hard- 
ening room for seven days, the temperature ranging from 0° 
to —10°F. Two days after the cheeses had been taken out of the 
cold room and placed in the cheese curing room to thaw out, they 


TABLE 2 
The scores for flavor and texture of frozen and unfrozen cheeses 
SCORE FOR FLAVOR SCORE FOR TEXTURE 
CHEDDAR CHEESE OF ee 
Frozen Unfrozen Frozen Unfrozen 

1 24 24 35 36 
Ae 2 26 26 36 36 

3 23 24 34 35 

1 24 24 35 36 
CS Oe 2 26 26 35 35 

3 24 243 36 36 

1 25 25 34 36 
OC 2 26 26 34 34 

3 253 26 34 35} 

1 23 23 35 36 
2 25 25 34 35 

3 23 23 35 36 

1 25 26 35 36 
2 26 26 36 37 

3 26} 26 34 344 

1 24 24 36 36 
2 26 26 34 34 

3 27 26 34 35 

24.94 25.03 34.79 35.50 


were examined and photographed, and a month later they were 
scored by three cheese judges. In each case a corresponding 
cheese made from the same vat of milk was used as a control. 
The results of the scorings are summarized in table 2, and figure 
2 is a photograph of these cheeses, showing the appearance of the 
cut surfaces. 
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It will be noted that the difference in flavor as found by the 
three judges is so slight as to be negligible. The judges com- 
ments are not reproduced here, but it should be noted here that 
in no case did the judges indicate a bitter flavor in the frozen 
cheese as compared with the corresponding unfrozen cheese. 

The results of the scorings show that the freezing injury is 
confined primarily to the texture, which becomes more or less 
crumbly on freezing. Figure 2 records this tendency to crumble 
in a fairly satisfactory manner. The tendency of freezing to 
disrupt the texture of the cheese is most evident at the sutures 
where the curd particles fused together in the pressing of the 
cheese. Note that the lighter lines at the sutures are decidedly 
more pronounced in the frozen cheeses than in the corresponding 
unfrozen cheeses. 

Observations made on these six and other cheeses that were 
frozen showed that in freezing paraffined cheese, the paraffin 
layer flaked off from the cheese to such an extent that reparaffin- 
ing would be advisable. 

Examination of the frozen cheeses also gave the following ad- 
ditional indications: 

1. The damage to the texture by freezing is dependent upon 
the texture and make-up of the cheese. Cheese in which the 
sutures were well knit and in which there were few or no me- 
chanical holes, showed less injury to the texture than cheeses not 
so perfectly made. 

2. After the cheeses had been frozen, storing them at normal 
cheese storage temperatures accomplished a gradual improvement 
in the texture of the cheese. In some cases this improvement was 
such that after four weeks it was difficult or practically impossible 
to distinguish between frozen and the corresponding unfrozen 
cheese. ‘This recovery in the texture of the cheese observed here 
is in harmony with the results of Babcock and Russell cited 
above. 

3. After such recovery of the texture, distinction between 
frozen and unfrozen cheese could be made by observing the manner 
in which the cheese checked on drying at the surface, the frozen 
cheese checking more than the corresponding unfrozen cheese. 
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The above indications were sufficiently evident to warrant their 
nention here, but they cannot be stated as unqualified conclu- 
sions until further substantiated by more extended experiments. 
In the work planned on the basis of the preliminary results, ob- 
servations on the various points mentioned in this paper are to 
be included. 


SUMMARY 


1. The freezing point of cheese can be determined with suffi- 
cient accuracy by the use of a l-inch cube of cheese and a suitable 
thermometer. 

2. The freezing points found for 15 different Cheddar cheeses 
ranged from —4.3° to —14.3°C. 

3. In addition to the moisture and salt content, the age of the 
cheese is an important factor in the freezing point. 

4. The cheese subjected to freezing showed no perceptible 
injury to the flavor. 

5. Freezing caused the texture of the cheese to be crumbly. 
The extent of crumbliness developed was dependent upon the 
texture and make-up of the cheese before freezing. 

6. Freezing caused the paraffin to flake off from paraffined 
cheese. 

7. On storage at favorable temperatures after freezing, the 
cheese texture recovered, in some cases apparently completely. 

8. After the texture had recovered, distinction between frozen 
and unfrozen cheese could be made on the basis of the manner in 
which the cheese checked on drying at the surface. 


The author wishes to acknowledge the interest and assistance 
in this work by J. L. Sammis, H. L. Templeton, P. E. McNall, 
A. T. Bruhn, W. Winder, and Math. Michels. 


REFERENCES 


(1) Bascocx, 8. M., anp Russe, H. L.: Wis. Ag. Exp. Sta. Bul. 94. 

(2) Bascock, S. M., anp Russe, H. L.: Wis. Ag. Exp. Sta., 18th An. Rep., 
pp. 136-162. 

(3) Watson, Pavut D., anp ALAN: Private communication. 


. 
> 
‘ 
4 
‘ 
a 


A STUDY OF THE YELLOW COCCI WHICH SURVIVE 
PASTEURIZATION* 


B. W. HAMMER anp G. MALCOLM TROUTt 
Dairy Department, Iowa State College, Ames 


INTRODUCTION 


In investigations at the Iowa Agricultural Experiment Station 
on the bacteria present in various dairy products, the plates 
frequently showed yellow colonies, sometimes in considerable 
numbers. Both the surface and subsurface colonies were usually 
comparatively large and the color quite intense so that they were 
very conspicuous. These colonies seemed to be especially 
numerous on plates poured with pasteurized cream or butter 
made from it, and because they made up such a large part of the 
flora with these materials a study of the organisms producing them 
was undertaken. ‘The resistance to heat, the variations that oc- 
cur and the general action on milk were given the most attention; 
the results obtained are reported herein. 


HISTORICAL 


Cocci producing yellow colonies have been isolated by a number 
of investigators in the study and classification of the organisms 
in various materials. Certain of these seem to be common in 
air and water, from which they could easily find their way into 
milk. Bergey' recognized a number of species, some of which 
have been isolated from dairy products. Various investigations? 
have shown that micrococci producing yellow colonies on agar 
are rather common among the organisms coming from the interior 
of the udder. 


Marshall* isolated a rod shaped organism that produced a 


* Received for publication August 19, 1927. 

t Now in charge Dairy Manufactures, Dairy Dept., West Virginia University. 
1 Manual of Determinative Bacteriology, 2nd edition, 1925. 

2N. Y. Agr. Expt. Sta,.Tech. Bul. 27. 1913. 

* Mich. State Agr. Col. Expt. Sta., Bul. 147, 1897. 
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lemon yellow pigment from pasteurized milk but found no cocci 
among 19 surviving organisms. Russell and Hastings‘ studied 
the influence of the formation of a surface membrane on the 
resistance of the organisms in milk and used « micrococcus which 
retained its vitality at temperatures considerably above those 
usually used for pasteurization. Conn and Esten® found that 
nearly all of the yellow colony producing bacteria present in milk 
in the vicinity of Storrs were sarcinae; they state that this group, 
although nearly always present in small numbers in milk, almost 
universally disappears after a few hours and never multiplies to 
any extent. Ayers and Johnson* found various types of cocci 
surviving pasteurization and the same thing has been noted by 
other investigators. Brannon and Prucha,’ in studies on the 
resistance of organisms to pasteurization, worked with a micro- 
coccus which, when it was isolated, was causing counts of a mil- 
lion or more in pasteurized milk. They also found that Sarcina 
lutea was not destroyed by pasteurization. 


EXPERIMENTAL 


Preliminary observations showed that practically all of the 
organisms producing yellow colonies on the plates were cocci 
and accordingly only this morphological type was considered in 
the studies carried out. 

A total of 113 cultures were used, most of which came from 
dairy products; 51 were from butter made from pasteurized sweet 
cream, 4 from raw cream, 28 from pasteurized cream, 11 from 
raw milk, 7 from pasteurized milk, 3 from boiled milk, 1 from 
starter, 4 from churn rinsings and 4 from air. The numbers of 
yellow colonies on plates poured with different samples of dairy 
products varied a great deal, but were commonly large enough 
so that the organisms very evidently were present in the materials 
plated and were not the result of air contamination; moreover the 
plates representing different dilutions showed proportionate num- 


* Univ. of Wis., Agr. Expt. Sta., 18th An. Rpt., 1901. p. 185. 
5 Storrs Agr. Expt. Sta., 16th An. Rpt., 1904, p. 27. 

*U. S. Dept. Agr., B. A. I., Bul. 161, 1913. 

7 Jr. Dairy Science, 1927, 10, p. 263. 
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bers. All of the cultures were purified by plating at least once 
and often several times. 

Resistance of the organisms to heat. In order to establish the 
ability of the organisms to survive pasteurization exposures, the 
heat resistance was studied using 12 cultures from various sources 
and representing somewhat different types. The heating was 
carried out as follows: Test tubes containing the various mate- 
rials and stoppered with cotton were put in a large water bath so 
that the water was well above the surface of the medium and 
heated to the desired temperature. The tubes were then inocu- 
lated, held for thirty minutes and plunged into cold water so 
that they would cool quickly. In case of question as to whether 
or not growth had occurred, transfers were made to agar slopes. 
There was no evidence of a scum at the surface of the material 
being heated in any of the trials, due undoubtedly to the limiting 
of evaporation by the cotton stoppers. This method of heating 
was selected because it was considered to give results more com- 
parable to heating in a vat than would sealed tubes; in a large 
number of attempts the use of the method resulted in the de- 
struction of various streptococci that were known to be destroyed 
by pasteurization. 

When heated in whole milk all of the cultures grew after an 
exposure to 70°C. for thirty minutes; 2 of them failed to grow 
after heating to 75°C. for thirty minutes, while with 2 others the 
growth was questionable, and after heating to 80°C. for thirty 
minutes, none of them grew. In lactose bouillon all of the cul- 
tures grew after an exposure to 75°C. for thirty minutes while 
2 survived 80°C. for thirty minutes. In table cream containing 
approximately 20 per cent fat, 11 of the cultures survived 70°C., 
10 survived 75°C., and 2 survived 80°C., the time being thirty 
minutes in all cases. 

The above results show that the organisms can resist the usual 
pasteurization exposures, and that, although there were some 
variations in the resistance of the organisms to heat in the differ- 
ent materials, these were not pronounced. The same general 
resistance to the usual pasteurization exposures was secured in 
litmus skimmilk, sucrose bouillon, and ice cream mix. 
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The influence of the acid content of milk on the heat resistance 
of the organisms was studied using skimmilk of normal acidity 
and another portion of the same lot in which Streptococcus lactis 
had produced sufficient acid to cause coagulation. In the normal 
milk all 12 of the organisms survived 75°C. for thirty minutes, 
while in the acid milk only one culture survived 65°C. for thirty 
minutes and all were killed at 70°C. for thirty minutes. In the 
presence of acid the heat seems to be considerably more destruc- 
tive than in its absence. Similar results have been obtained in 
this laboratory in studies on the resistance of S. lactis to heat. 

The decreased resistance of organisms to pasteurization ex- 
posures in the presence of acid is undoubtedly of importance in 
the pasteurization of sour cream. It may explain in part the 
greater frequency with which the cocci producing yellow colonies 
are encountered in plates from sweet cream than from sour cream. 
It may also account for the higher bacterial efficiencies obtained 
in the pasteurization of sour cream, although the comparatively 
low heat resistance of many of the S. lactis organisms, which make 
up most of the flora, is a factor here also. 


GENERAL DESCRIPTION OF THE ORGANISMS STUDIED 


The colonies of the yellow cocci on whey agar plates were first of 
a pale yellow color which later deepened to a lemon or sulphur 
yellow. To the naked eye the surface colonies appeared round, 
slightly raised, entire, and glistening and under the low power of 
the microscope they were granular with an entire edge. In micro- 
scopic preparations the cells were spherical, of medium size, and 
arranged singly, in pairs, in tetrads or sometimes in packets. 
The organisms took the ordinary stains quite readily and were 
gram positive although gram negative cells were not uncommon, 
especially in old cultures. They grew well in liquid or on solid 
media, but brought about changes in milk only very slowly. 
Gelatine liquefaction and milk digestion occurred with some of 
the cultures. Acid production in milk and bouillons, when it 
took place at all, was slight. Growth was best under aerobic 
conditions, and was rapid at both 21° and 37°C. 
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DIVISION OF THE ORGANISMS STUDIED 


Various characters, especially the morphology, the liquefac- 
tion of gelatin, the action on litmus milk, and the growth on slopes 
suggested a division into three types—A, B, and C. 

Distinguishing features of Type A. Type A may be character- 
ized as follows: It was a fairly large coccus, usually arranged in 
tetrads, and under favorable conditions in packets. It grew 
well at both room temperature and 37°C. Litmus milk did not 
materially change in appearance except for a whitish-yellow pre- 
cipitate in the bottoms of the tubes. Gelatine was slowly lique- 
fied. Growth on whey agar slopes was filiform, smooth edged, 
slightly raised, opaque, and of a distinct lemon color. 

Distinguishing features of Type B. Type B may be charac- 
terized as follows: It was a medium sized coccus, occurring singly, 
in pairs, or in tetrads. The organisms first reddened litmus milk 
and reduced it and then coagulated and slowly digested it. Gela- 
tine was liquefied very slowly. The growth on whey agar slopes 
was filiform, opaque, slightly raised, and of a lemon yellow color. 

Distinguishing features of Type C. Type C may be charac- 
terized as follows: The cells were arranged singly or in pairs and 
there was considerable variation in size. Acid was produced 
slowly in litmus milk, and gelatine was rarely liquefied. The 
growth on whey agar slopes was filiform, opaque, raised, glisten- 
ing and from a pale to a lemon yellow color. 

The descriptions of the yellow cocci that have been published 
do not afford a clear cut classification of the organisms that were 
studied. This is partly due to the fact that there are differences 
in the descriptions of the same organism by different authors. A 
consideration of the various classifications studied, especially 
those of Bergey and Hucker® suggest that Type A should be con- 
sidered as Sarcina lutea, Type B as Micrococcus varians, and type 
C as Micrococcus luteus. 

The important point seems to be that there are variations in 
the heat resistant yellow cocci that are found so regularly in 
dairy products, especially those subjected to pasteurization. 


5 N. Y. Agr. Exp. Sta., Tech. Bul. 102, 1924. 
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Apparently resistance to heat is a rather common character of a 
group of organisms that also has the general property of produc- 
ing yellow colonies. 


GENERAL ACTION OF ORGANISMS IN MILK 


The organisms brought about various types of changes in milk 
but these occurred comparatively slowly so that these organisms 
are probably of little importance from the standpoint of deteriora- 
tion of milk or cream under practical conditions. The compara- 
tive resistance of the organisms to unfavorable conditions is 
illustrated by the growth on transfer of agar cultures that had 
been held nine months in a cooler at from 0° to 10°C. and is also 
evident from their presence in air. It would accordingly be ex- 
pected that the yellow cocci might persist in various materials, 
including dairy products, for extended periods. 


SUMMARY AND CONCLUSIONS 


On plates poured with dairy products, especially those that 
had been subjected to heat, there were often yellow colonies of 
cocci. In general these organisms resisted the usual pasteuriza- 
tion exposures for market milk; they were resistant in skimmilk, 
whole milk, cream, bouillon and ice cream mix. The organisms 
were less resistant in milk containing sufficient acid to cause coagu- 
lation than in normal milk. 

The yellow cocci found in dairy products were of several types. 
They produced changes in milk or cream only slowly and accord- 
ingly are probably of little practical importance in the deteriora- 
tion of these products. 


| 
| 
| 
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STUDIES IN THE NORMAL DEPOSITIONS OF MINERALS 
IN THE BONES OF DAIRY CALVES* 


J. H. KRUGER anp 8S. I. BECHDEL 


Department of Dairy Husbandry, Pennsylvania Experiment Station, State College 
Pennsylvania 


The optimum development of the animal skeleton is of prime 
importance to the livestock man. Mineral matter comprises 
from 3 to 6 per cent of the animal body, about four-fifths of 
which is found in the skeletal frame-work. In the dairy research 
field much work has been done concerning the mineral require- 
ments of mature lactating animals, but little has been reported 
regarding the requirements of growing animals. 

Experimental studies with rats have shown that several factors 
including, proper amounts of calcium, phosphorus, and vitamin 
D, are necessary to prevent rickets and insure optimum skeletal 
development. 

Although rickets do not appear to be common in cattle, we 
find considerable evidence on record that mineral deficiencies 
do interfere with growth and skeletal development as found in 
laboratory animals. A few of the outstanding references in 
support of this statement are as follows: Theiler and associates 
(13) in studying the causes of the diseases ‘“‘Stijfziekte’’ and 
““Lamziekte” in South African cattle found that the addition of 
bone meal or other phosphorus carriers to the native rations 
(low in phosphorus) caused a better utilization of food and a much 
larger increase in body weight per unit of food consumed. Stew- 
art (12) reports the occurrence of rickets in Australian cattle, 
and it appears that the disease “‘Stallmangel”’ reported by Lotsch 
(9) in Germany was really a form of rickets. Cases of bone 
disease in calves due to lack or proper utilization of minerals 


* Published by permission of the Director of the Pennsylvania Experiment Sta- 
tion as paper Number 423, Journal Series. The data in this paper were taken from 
a master’s degree thesis submitted by J. H. Kruger to the Graduate Faculty of the 
Pennsylvania State College. Received for publication February 10, 1927. 
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have been produced experimentally by Eckles and Swett (5), 
and Bechdel, Eckles, and Palmer (1). 

‘Recently, Eckles, Becker, and Palmer (6), in reporting on 
rather extensive investigations on a mineral deficiency in the 
rations of cattle in parts of Minnesota, have shown that the 
skeletal development may be seriously affected by a deficiency 
of phosphorus in the ration. These authors, in an exhaustive 
search of the literature, have brought forth evidence of mineral 
deficiencies in the rations of cattle in many localities in the 
United States including, Montana, Minnesota, the coastal plain 
of Texas, and in the irrigated sections of the southwest and inter- 
mountain country. It is also reported in sections of the east, 
including eastern Michigan, and the higher altitudes of New York, 
Pennsylvania, West Virginia, Virginia, South Carolina, Alabama, 
and Mississippi, as well as many other parts of the world. 

It is evident that bone diseases are not uncommon among 
dairy cattle. The existence of many dairy animals with an 
undersized skeletal development, suggests the probability of 
improper mineral feeding to obtain optimum body growth. 
Little is known concerning the amounts of calcium, phosphorus, 
vitamin D, or light required by the growing dairy calf. It is 
also entirely possible that other factors yet unknown play a part 
in this skeletal development. Furthermore, the most economical 
sources of the above factors present many problems yet unsolved. 

Any satisfactory study of skeletal development requires a 
close examination of the structure and composition of the bones. 
Microscopic and x-ray examinations have proven very helpful, 
but the chemical composition also has been found essential for 
complete and thorough study. A search of the literature failed 
to reveal any systematic information as to the normal composi- 
tion of the bones of calves at various ages. Although the main 
object of the present study was to make a contribution to the 
establishment of data on the normal composition of the bones of 
calves at various ages, it was also our aim to study the adapta- 
tion of technique used on such work with small animals. 


| 
| 
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EXPERIMENTAL 


Seven grade Holstein male calves were used as experimental 
subjects. They were purchased from farmers as bob-veals, 
when three to four days old. Although the individuals were 
not as uniform as one might desire for this type of work, the 
group was a fair representation of normal farm animals. The 
calves were kept in a box stall about 15 feet by 30 feet in size. 
It was equipped with individual stanchions, in which the animals 
were fastened at feeding time. The feeding schedule given by 
Eckles (7) for skimmilk calves was closely followed. The calves 
were started on whole milk which was gradually replaced by 


TABLE 1 
Weighis of calves at slaughter, normal weight, and percentage of normal calves 
ANIMAL NUMBER onan LIVE WEIGHT NORMAL WEIGHT | PER CENT NORMAL 
days pounds pounds 

1 60 135 157 86.0 

2 90 145 200 72.5 

3 120 302 249 121.3 

4 150 340 302 112.6 

5 180 304 349 87.1 

6 180 417 349 119.5 

7 180 449 349 128.7 


skimmilk beginning at two weeks of age. Skimmilk was fed 
during the entire experimental period. This was supplemented 
with alfalfa hay and a calf grain mixture. The calves were 
slaughtered at the college meat shop. One was killed at each 
of the following ages: 60 days, 90 days, 120 days, 150 days, while 
three were killed at the age of 180 days. The data on the weights 
of the calves at the time of slaughter are reported in table 1. 

The normal weights in the above table represent the data of 
Eckles and associates (8) and are for Holstein females. The 
small size of calves 1 and 5 may be partially accounted for in 
that their dams were heifers, while calf 2 contracted a bad case 
of pneumonia while young, but had recovered at the time of 
slaughter. 
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Bones for analysis were removed from the carcasses very 
shortly after they had cooled. The following were selected for 
study: the femurs, the humeri, the fifth, sixth, and seventh pairs 
of ribs and a portion of the frontal bone. The humeri and femurs 


TABLE 2 
Animal 1. Age 60 days 

GREEN BONE sam as 

PERCENT- 

BONE USED | vouume | 

= 3 5 FREE BONE 

ame cont ome cont | cont 
24 16 1.5000 |33.41| 2.52/39 61/26. 61.82 
95 71 1.3380 |47.63} 2.62/29.32/23.05) 58.82 
473 | 390.5 | 1.2113 |54.97| 8.62/20.15/24.88) 55.19 
Left humerus......... 314 | 256.5 | 1.2242 |55.04) 7.27/21 .28/23.68) 56.46 
91 67 1.3582 |35.62| 1.47/38.25/26.13) 60.79 
Right femur........... 461 | 379.5 | 1.2148 |32.33) 6.93/39.15/28.52) 64.46 
Right humerus........ 293 | 239 1.2259 |35.70) 7 .02/36.92/27.38| 64.46 
TABLE 3 
Animal 2. Age 90 days 

GREEN BONE ASH AS 

PERCENT- 

BONE USED WEIGHT | VOLUME alee 2 = 

3 FREE BONE 

grams | ce. cont | cont | cont | cone 

45 32 | 1.4063 |41.20) 2.04)32.13/26.67) 56.65 
105 79 | 1.3291 |44.88) 2.84/29.22/25.90) 55.89 
Lett fomer............ 491 407 | 1.2064 [39.08] 7.95)19.89/41.13) 37.55 
Left humerus 348 286 | 1.2168 |40.17|) 8.48/21.06/38.77| 41.01 
109 84 | 1.2976 |34.54) 1.42/38.03/27.43} 59.38 
Right femur........... 487 402 | 1.2114 |24.18) 4.47/39.26)36.36) 55.02 
Right humerus........ 360 296 | 1.2162 |26.47| 5.18/37.41/36.12| 54.73 


were taken as typical examples of the long bones. These bones 
are also the ones commonly studied in other animals, particularly 
in rats. Ribs were selected because it has been shown that 
they are among the first to be affected in rickets. A part of the 
frontal was selected as an example of a membrane bone. 
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Immediately after removal from the carcass the bones were 
scraped clean of adhering tissue. They were then weighed as 
green bone and also weighed by suspension in water. From this 
data the volume and specific gravity of the bones were calculated. 


TABLE 4 
Animal 3. Age 120 days 
GREEN BONE ASH AS 
PERCENT- 
BONE USED WEIGHT | VOLUME 
% | MorsruRE- 
= 3 3 5 FREE BONE 
grams | ce cont | cont | cont | cont 
49 31 | 1.5806 |35.91) 1.60/37 .63/26.46| 60.22 
208 154 | 1.3506 3.90/29.01/26.18) 56.56 
Left femur............ 863 699 1.2346 |40.47/10 .38/23 .24|36.29| 47.28 
Left humerus.........| 608 491 | 1.2383 |41.28/13.81/26.03/32.69| 57.96 
210 155 | 1.3548 |35.66) 2.37|37.60/26.74| 60.67 
Right femur........... 848 684 | 1.2398 |17.32| 7.57/49.97|32.71| 66.53 
Right humerus........ 627 508 | 1.2343 |18.59) 9.00)44.65/36.66) 61.75 
TABLE 5 
Animal 4. Age 150 days 
GREEN BONE ASH AS 
PERCENT- 
BONE USED WEIGHT | VOLUME 
= FREE BONB 
grams | ce. | cont | cone | come 
49 35 | 1.4000 |34.88) 2.69)37.25/27.87| 59.66 
275 205 1.3415 |43.85) 3.57/29.50/26.65) 56.10 
Left femur. ........... 935 746 | 1.2534 |37.04/21 .27/24.57/38.39] 58.93 
Left humerus......... 686 546 1.2564 |38 .49)18 .75)25 .31/36.20) 59.19 
275 199 1.3819 |36.12) 2.10/37 .09|26.79| 60.04 
Right femur........... 923 735 | 1.2558 |22.46)12.38)44.34/33.20) 68.05 
Right humerus........ 667 527 | 1.2657 |23.20)10 67.78 


In order to study the advisability of sampling, the entire bones 
from the left side of the animal were saved for analysis, while 
those from the right side were sampled by retaining about one- 
third from the middle of the ribs and a cross-section about an 
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inch long from the middle of the humerus and femur. The whole 
bones and portions were partially dried in a warming closet at 
50°C. to facilitate grinding. The loss of moisture was then 
determined, and grinding was carried out immediately with a 


TABLE 6 
Animal 5. Age 180 days 


GREEN BONE ASH AS 

PERCENT- 

BONE USED | vorume | 

2 |FREE Bone 

grams | ce cont | cont | cont | cone 
81 56 | 1.4464 |36.63) 2.01/35.64/27.73) 58.08 
222 159 | 1.3962 |39.79| 3.71|33.48/26.73) 59.26 
femur. 850 1.2518 |38.70)19 .21/24.89/36.41) 59.14 
Left humerus 606 480 | 1.2625 |39.79)15.18/25.13)35.08) 55.81 
215 152 | 1.4145 |30.52) 1.75)42.21/27.27| 62.32 
Right femur........... 863 1.2599 |17.69) 8.56/50.84/32.37| 68.94 
Right humerus. ....... 586 461 1.2711 |17.18| 8.79)50 .36|32.46) 68.03 
TABLE 7 
Animal 6. Age 180 days 

GREEN BONE ASH AS 

PERCENT- 

BONE USED werout | vorume | rare 

= 3 FREE BONE 

grams | ce. dont | | cone | come 

101 67 | 1.5075 |33.16) 1.82/38.00/28.84) 58.44 
324 | 237 | 1.3671 |40.67| 3.37/32.41/26.92| 57.92 
1,240 | 984 | 1.2602 |36.67/21 .22)24.40/38.93) 57.94 
Left humerus......... 900 | 708 1.2712 |38.40/16.06/24.98/36.62) 54.85 
313 225 1.3911 |32.32) 2.48/39.02/28.66| 59.85 
Right femur........... 1,223 | 971 1.2595 '21.75|12.07|44.35/33.90) 67.01 
Right humerus........ 896 | 703 1.2745 |21.34) 9.90/47 .01/31.65| 68.37 


poultry-bone grinder. Samples were weighed out in triplicate 
in porcelain crucibles. They were dried to constant weight in 
a vacuum oven at 80°C. with 15 pounds vacuum. About four 
hours of drying proved satisfactory for this process. 
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The dry samples were then quantitatively transferred to fat 
extraction thimbles. They were extracted for forty hours 
with hot alcohol by a continuous redistillation process. They 
were then returned to the original crucibles and dried to constant 
weight and the amount of fat calculated. The moisture and 
fat free samples were then ashed in an electric muffle furnace 
for twenty-four hours. 

The ash was now transferred to a 250 cc. volumetric flask, 
dissolved in 10 cc. of concentrated HCl and made up to volume. 
Calcium and phosphorus determinations were made from this 


TABLE 8 
Animal 7. Age 180 days 

GREEN BONE ASH AS 

PERCENT- 

BONE USED WEIGHT | VOLUME " 

= 2 3 5 FREE BONE 

grams | ce. cont | cont | cont | cont 

58 41 | 1.4146 |38.02| 2.82/35 .98/26.00} 60.82 
373 270 | 1.3815 |40.00) 6.44/31 .44/28. 58.70 
Lett ........... 1,316 | 1,044 | 1.2605 |32.00/25 .93/24.75/43. 58.83 
Left humerus 894 699 | 1.2790 |32.79)23 .15/25 .60/41.61| 58.10 
355 257 | 1.3813 |29.13| 5.37/39.75/31.12] 60.69 
Right femur........... 1,301 | 1,030 | 1.2631 |21.10)17.28|42.52|36.38} 69.00 
Right humerus........ 885 692 | 1.2789 |20.02)15.51/44.40/35.58} 68.87 


solution. The phosphorus was determined volumetrically by 
the official method of the Association of Official Agricultural 
Chemists (11). For determination of calcium the McCrudden 
(10) method was used. 

The results of analyses are given in tables 2 to 8. Phosphorus 
and calcium showed such slight variation between samples that 
it is deemed unnecessary to report them all. The lowest per- 
centage of phosphorus obtained was 17.90 per cent of the ash 
while the highest was 18.77 per cent. For calcium the extreme 
figures were 36.80 to 39.14 per cent of bone ash. 
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DISCUSSION 


The weights of the frontal bone samples are not consistent 
with the size of animal as only a portion of the frontal bone was 
removed. This portion was approximately 1} by 2} inches in 
size but varied some for the different animals. The rib weights 
are always the totals of the three ribs used. 

The data on the weights and volumes of the bones from both 
the right and left halves of the body are for the entire bones. 
The analytical data, however, are from samples taken from the 
entire bones of the left side, and from portions of the bones from 
the right side, as stated above. 

The percentages of water in green bone show that the frontal 
is the lowest in this constituent, followed in order by the ribs, 
femur, and humerus. As might be expected, the total bones 
contain a higher percentage of moisture than portions from the 
center of the bones. Another noticeable fact is the decrease in 
the percentage of water as the age of the animals increases. 

As the fat determinations were made by calculations of loss 
of weight by extraction, they are not as accurate as might have 
been obtained by using regular ether extraction methods. But 
these figures will give comparative fat content and show the 
long bones to be the higher in this constituent. 

The ash percentage shows just the reverse of the picture por- 
trayed by the water percentages, ash being highest in the frontal 
followed by the ribs with the long bones lowest. As growth 
takes place in the ends of the bones the higher ash percentages in 
the central section are quite logical. The percentage of ash in 
bone increases somewhat with the age of the animals. 

The percentages of organic matter were obtained by subtract- 
ing the sum of the ash and water percentages from 100. In 
general, these figures are quite uniform. A high fat content 
seems to indicate a high percentage of organic matter. 

The last column in the tables gives the percentage of ash mm 
the bones based on a fat and moisture free basis. These are 
the data most used in small animal work and seem to indicate 
best the condition of bone. Dutcher, Creighton, and Rothrock 
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(4) found that the femurs of normal rats at six weeks of age 
contained 62 per cent ash, while the corresponding figure for 
rachitic animals was 26 per cent. The percentage of ash in 
moisture and fat free bone probably indicates that the frontal 
bone is calcified at an early age. It also shows a higher degree 
of calcification in the center portion of the bone than in the total 
bone. For studies of bone development, it would, therefore, 
appear advisable to use the whole bone for analyses as this would 
include the actively growing portions at the epiphyses and would 
consequently show up a deficiency more clearly. It is possible 
that a thin longitudinal slice from the entire length of the bone 


TABLE 9 
Grams ash per cubic centimeter of bone volume 


ANIMAL NUMBER AGE FRONTAL LEFT RIBS LEFT FEMUR | LEFT HUMERUS 
days 
1 60 0.2641 0.2191 0.1663 0.1738 
2 90 0.2285 0.2198 0.1649 0.1731 
3 120 0.2381 0.2148 0.1882 0.2102 
4 150 0.2661 0.2199 0.1960 0.2014 
5 180 0.2464 0.2398 0.1988 0.1990 
6 180 0.2686 0.2371 0.1936 0.1977 
7 180 0.2456 0.2316 0.1996 0.2048 


would prove as satisfactory as the whole bone. We regret that 
we have no data on this method of sampling. 

Another interesting way to indicate the degree of calcification 
of bones is by the ash per cc. bone volume. These calculations 
could only be made where the whole bones were used as the 
volume of cross-section portions used for samples from the 
middle of the bones was not determined. These data are given 
in table 9. 

Chick and Roscoe (2) have developed a rachitic index by 
using an A/R ratio. A indicates ash as per cent of fresh bone 
and R organic residue in fresh bone determined by subtracting 
the ash, fat, and water percentages from 100. This ratio is 
about 1:5 for normal animals and drops to 1:1 or 1:2 for rachitic 
animals. The above data were obtained from rats. If such a 
ratio were applied to the data in this work it would hold quite 
well for the frontal bone and the middle portions of the long 
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bones, but would be much lower if the entire long bones were 
considered. If more data become available on the composition 
of bones from calf skeletons such a ratio for normal animals at 
various ages might be worked into a convenient index for de- 
termining bone condition. 

As was stated above, the percentage of calcium and phosphorus 
in the ash of the bones analyzed varied but sightly. Roughly, 
it was in the proportion of 2 to 1 for Caand P. It is doubtful if 
these determinations will be of much value in the study of bone 
abnormalities, as the percentage of these elements in bone ash 
probably would not vary much even under abnormal conditions. 
The work of Chick, Korencheusky, and Roscoe (3), with de- 
ficient diets in rats, substantiates this view. 

In the introductory statement the dearth of information on 
the composition of the normal bones of calves was emphasized. 
It is very evident that such data must be provided before con- 
structive studies on abnormal bones can be made. Once normal 
data have been established, rachitic rations and other condi- 
tions that effect growth and bone development can be advantage- 
ously studied. It is appreciated that the data here presented 
are very meagre, but they at least represent a beginning and it 
is hoped that further normal data will be contributed by other 
investigators in this important field. 


SUMMARY 


The composition of the frontal, ribs, femurs, and humeri of 
seven normal male Holstein calves are presented. These calves 
were 60, 90, 120, 150, and three of 180 days of age. The analyses 
indicate that the ribs, femurs, and humeri are suitable for the 
study of mineral deposition in the bones of calves. Because of 
early calcification a section of the frontal bone is of less value. 
The complete bones give a truer picture of mineral deposition 
than a cross section portion of them. The percentage of ash 
based on fat and moisture-free bone and ash per cubic centimeter 
of bone volume proved to be the most valuable data. The ratio 
of ash in fresh bone to organic residue may also give a useful 
index of bone condition. 
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The percentage of phosphorus and calcium in bone ash is 
nearly constant and varies only slightly with the age of the 
animal. The percentage of water decreases with age, while 
the ash and organic matter percentages increase with the age of 
the animal. The ash replaces the greater part of the decrease 
in the water percentage. 


Credit is due Professor R. A. Dutcher and staff of the Depart- 
ment of Agricultural and Biological Chemistry for advice in tech- 
nique and the use of laboratory equipment in the analytical work. 
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THE FIRST COURSES IN DAIRY HUSBANDRY* 


H. P. DAVISt 
Dairy Husbandry Department, University of Nebraska, Lincoln 


Knowledge is the great uplifting force in a civilized world. 
Its acquisition is, therefore, of supreme importance to human 
beings. Since knowledge is so all embracing, it would be com- 
paratively useless, were it not arranged, and catalogued in an 
orderly manner. The organization of knowledge as well as the 
discovery of new facts has kept and will keep scientists busy. 
But in order that new generations may acquire the lesrning and 
experience of the past, teachers are needed. ‘The teacher is one, 
who from the vast field of knowledge, takes such facts as will 
usefully develop the mind of the student and arranges and 
presents them in such a manner as not only to impart informa- 
tion but to stimulate thought. The teacher, therefore, whether 
of the kindergarten or the college, has not only a wonderful 
opportunity but a great responsibility. It is no easy task, but 
one requiring the greatest thought and effort. 

The teacher in the college is a little likely to take teaching less 
seriously than is his co-worker in the secondary school. This 
lack of seriousness has been fostered unwittingly by the emphasis 
of college authorities, upon scholarship, research, and advanced 
degrees. There has been an all too prevalent feeling in collegiate 
circles that a learned man must necessarily be a good teacher. 
The logical deduction from this has been that there must be no 
suggestion that a learned man could not impart his knowledge 
satisfactorily to others. Unfortunately, learning does not indi- 
cate teaching ability, and the result has been that upon our 
faculties there have been educated fools. 

An educational assumption that has frequently led to poor 


* Presented before the American Dairy Science Association, East Lansing, 
Michigan, June 22, 1927. Received for publication June 25, 1927. 

t Acknowledgment is made to Mr. L. K. Crowe in charge of first year work 
at the University of Nebraska for much of the material and for many suggestions. 
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instruction, is, that the collegiate student is of mature mind. 
Probably this belief has descended from the ancient universities 
where the students were older and of more maturity. Today, 
however, students frequently enter college at sixteen and the 
average age of students is not twenty-one. In most instances 
also, there are many features that disturb the studious atmos- 
phere of a college and attract and distract the student. It must 
therefore be borne in mind that the interest of the student 
must be stimulated and maintained, and that he is still a youth— 
as he was in high school. 

In the modern world there is little time for, or little interest 
in, on the part of the average student, anything that does not 
have a practical and useful application. Today there are so 
many facts that at best one can master but a limited few along 
some few lines of endeavor. Care must be taken, therefore, 
not to waste the students’ time with useless facts. 

The first course in dairy husbandry must be carefully con- 
sidered from the angles of subject matter, and the manner of 
presentation. It is assumed that not more than one course in 
dairying is required so that most students will have only this 
course. Consequently, the whole field of dairying will have its 
only presentation through this course. 


SUBJECT MATTER 


The material that is to go into the course is of vital importance 
and it must be weighed and considered from various angles as 
follows: 

1. Previous training of the student. With the growth in 
numbers of Smith-Hughes Agricultural high schools, there are 
beginning to be taught some of the subjects that have been 
commonly dealt with in the first dairy course. Babcock testing, 
cattle judging, to give but two illustrations, are now taught in 
many high schools and taught well. With these subjects being 
covered in the secondary school, the college course must be 
revised, not necessarily eliminating such subjects, but modifying 
their presentation to avoid useless repetition. 

2. Conditions in the state. Standardization of courses in all 
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states is not desirable. Each agricultural college shapes its 
work to train students for their own state conditions. It may 
be important in Wisconsin to emphasize cheese manufacture 
while it would be foolish to place such emphasis in Louisiana. 
The type of farming, and the position and condition of the dairy 
industry all are factors in determining what should be taught. 

3. Only one course to be given. Too frequently the first course 
in dairying is designed as the logical foundation for a series of 
dairy courses to follow. Such an arrangement may be satis- 
factory if a separate course is given others, but is wrong if the 
course is the only one that students are required to take or are 
likely to take. 

4. Survey of dairying. Assuming that the student is to get 
his first and only glimpse of the great dairy industry through this 
course, then it is essential that the course be filled with the kind 
of information that will correctly portray the industry, and the 
relation of each of the many branches. A great deal of time and 
effort can profitably be spent in the consideration of this one 
point. 

5. Time allotted. Naturally a dairy instructor feels that the 
time allotted by the faculty for his course is far too short consid- 
ering the importance of the subject. The time is set and good 
teaching demands that the maximum be crowded into the course 
so as to present a rounded whole. This will mean shortening 
here and there in order not to omit some vital part. Certain parts 
must not be presented in full at the expense of others, but the 
whole balanced to fit the time. 

6. Material of general interest. To the specialist who has spent 
years of study of the subject, items of limited interest to the 
average person loom as important and sometimes are included 
in the first course. Such material should be used rarely. 

7. Divide material into general headings. With the subject 
matter decided upon, then group it into related parts. For 
example: If dairy cattle judging is to be presented, then arrange 
the material that pertains to that subject together. 

8. Arrange material so that each part answers a specific problem. 
In secondary school teaching this is called the problem method 
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and it seems well adapted to many undergraduate courses. At 
first it may seem the college students should be able to maintain 
interest over a considerable period keeping in mind the future 
goal. That they do not is, I believe, evident to anyone who has 
ever talked with agricultural students about chemistry during 
their first or second year. The application is too distant, too 
vague to interest them. The more specific the application, the 
greater the likelihood that it will be impressed upon the student’s 
mind. 
METHOD OF PRESENTATION 


With the subject matter all selected, carefully arranged and 
and organized, there still remains the biggest problem of teach- 
ing; namely, the presentation to the class. A class, remember, 
that is composed of immature minds affected with a thousand 
distractions and compelled by our present system of class hours 
to attempt to absorb the reason for the reactions of certain chemi- 
cals one hour, the principles of English composition the follow- 
ing period, and be interested in and show enthusiasm for the life 
history of the algae the next period. Add to this, the fact that 
frequently the classes range from thirty to forty so that little 
individual attention may be given, and it is not surprising that 
all too frequently, the first course in dairying has become merely 
a series of lectures, with a text book assignment from time to 
time and a quiz to determine the class grade. As opposed to 
this method, our plan is to try to make the course so practical 
and interesting, that the student will appreciate the value and 
will study because he believes it is worth while. The preparation 
of the material to be given to the class and the actual presentation 
are so closely interwoven that they will be discussed together. 

1. Give proper emphasis. Giving the proper emphasis to the 
essential facts saves the student time and creates a better spirit 
within the class. The average student greatly dislikes to have 
his time wasted by being compelled to remember a lot of un- 
important facts. 

2. Make each period interesting. It may seem puerile to some, 
that a college class presentation needs to be interesting but it is 
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exceedingly important. Frequently, the form of presentation 
that is most appealing to students may seem illogical to one with 
a greater knowledge yet if it will gain and keep attention it is 
worthy of use. 

3. Make the class work provoke thought and reasoning. It has 
been said that if a college course stimulates thought, it is success- 
ful even if it conveys no information. There is sometimes a 
tendency for the instructor to appear in class and give a lecture 
which is merely a recitation of known facts all of which may be 
found better arranged in a book. Such a lecture may stimulate 
thought, but it is unlikely. 

4. Make the object clear. The aim or underlying thought that 
each class period is to bring out or the part of the whole that is 
to be emphasized, should be stressed. Always keep the im- 
mediate object of the problem before the class and at the same 
time show its relation to the larger problem covered by the 
course. 

5. Each part should be a step toward the whole. Each lesson 
should fit in toward the main goal and the information obtained 
should better fit the student to solve the next problem before 
him. 

6. Make the student work. Each student is required to have 
the course outline. There the object or problem is outlined 
for each class period and for each laboratory period. In the 
outline for a class period the questions are asked that are to be 
answered or discussed at that period. References are given also 
where information may be found upon the subject. In the 
class period, the instructor brings out by class discussion the 
various opinions and ideas of the students, corrects misappre- 
hension and shows the relationship of the problem to the whole 
subject. Under such a plan the student must work, since it is 
his reaction to the problem that is brought out and not a mere 
recitation of known facts. 

With these principles in mind, at Nebraska we have tried to 
build a course in first year dairying that would be suitable for 
our State, for a three-hour course (two one-hour class periods and 
two two-hour laboratory periods), for men that probably had no 
dairy background, and may never have another dairy course. 
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OUTLINE OF CLASS PERIODS AND LABORATORIES 


In arranging the class periods and laboratory exercises, it has 


been necessary to consider the relationship of one to the other as 
well as the logical development and the retention of interest. 
The arrangement given seems to give the most satisfaction 
under our conditions. Under our conditions, the laboratory 
period always follows the class period. 


. Origin of cattle types. 


. Holstein-Friesians—history, 


. Jerseys—history, 


Class Period 
Subject 


. Relation of dairying to agriculture; 


how it fits into agricultural prac- 
tice. Future for the dairy in- 
dustry. 


. Relation of form to function in 


dairy cattle. What is a dairy 
cow? How different from other 
cows? 

A back- 
ground for studying breed char- 
acteristics. 


. Ayrshires—history, characteristics 


and present usefulness. 
char- 
acteristics and present usefulness. 


. Guernseys—history, characteristics 


and present usefulness. 
characteristics 
and present usefuiness. 


. Brown Swiss, minor and dual pur- 


pose breeds, characteristics and 
present usefulness. 

Methods of starting a dairy herd. 
The advantages and disadvant- 
ages of the different breeds having 
been discussed, the actual con- 
siderations necessary in selecting 
and buying dairy cows are brought 
out. 


Laboratory Period 
Subject 

1. Observation trip through college 
dairy barn and creamery. At- 
tention is called to methods used 
in handling dairy cattle and 
dairy products. Mimeograph 
sheets of department’s activities 
are given to each student to show 
the scope of dairying as existing 
at the college. 


2. Use of score card in judging dairy 


cows. Application of the prin- 
ciples discussed in the class 
period. 


3. Judging Ayrshire cows—compara- 


tive judging using only the 
essential parts of the cow. 


4. Judging Ayrshire—continuation of 


comparative judging. 


5. Judging Holsteins—comparative. 


Same as first period with Ayr- 
shires. 


6. Judging Holsteins—comparative. 


Same as second with Ayrshires. 


7. Judging Guernseys—comparative. 


8. Judging Guernseys—comparative. 


9. Judging Jersey’s—comparative. 


10. 
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. Principles of the 
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The herd sire, important character- 
istics, method of selection, care 
and feed. 


. Feeding—general principles. 
. Feeding dairy cows in summer. 


. Feeding dairy cows in winter. 


. Care of the cow, before, at and im- 


mediately after freshening. 


. Feeding and care of the dairy calf. 


. Midsemester examinations. 


Sampling of milk, plain and com- 
posite; the use of preservatives. 
Explanation of the operation of 
the Babcock test for milk. 

Babcock test; 

causes and remedies; defective 

tests. 


. Babcock test for cream, skim-milk, 


buttermilk and whey. 


. Milk secretion. 
. Milk composition. 


. Standardization of dairy products. 


Cream separation. 
Choosing and operating a separator. 
Bacteria and their relation to milk. 


Care of milk and cream on the farm, 
milking machines. 


. Principles of buttermaking. 
. Principles of cheese making. 
. Principles of ice cream making. 


Food value of dairy products. 


. Methods of selling milk. 


. Visit to a dairy farm, milk plant and 
dairy manufacturing plant. 
. Final examination. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
17. 


18. 
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Judging Jersey’s—comparative. 


Judging dairy bulls for type. 

Selection of dairy cows and bulls 
as an investment. 

Selection of dairy eattle as an in- 
vestment. Continuation of 12. 
Balancing rations to fit common 

roughages. 

Barn practice—dehorning calves, 
ringing bulls, clipping, trim- 
ming hoofs, etc. 

Midsemester examinations. 

Testing whole milk by the Babcock 
test. 


Testing whole milk by the Babcock 
test. 


. Testing cream by the Babcock 


test. 
Testing cream by the Babcock 
test. 


. Keeping cow testing association 


records. 
Practice in standardization. 


. Testing skim-milk, buttermilk and 


whey. 


. Study of the mechanical construc- 


tion of a separator. 


. Operation of cream separators. 


Cooling and care of milk. 


Demonstration of churning butter 
commercially in the creamery. 
Demonstration of making cheese 

in the creamery. 
Demonstration of ice cream making 
in the creamery. 


. Judging butter, cheese and milk. 
. Calculation of returns from differ- 


ent methods of selling milk. 


. Visit to dairy plants. 


. Final examination. 
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The lectures and laboratories are not arranged in the exact 
order that is desired, but they are arranged so that as far as 
possible, the laboratory will follow the lecture period where the 
subject is discussed. There may be some difference of opinion 
as to the desirability of including some subjects under a first 
year course. From our standpoint and under our conditions 
this arrangement is believed to be most satisfactory. 


CLASS PERIODS METHODS AND MATERIAL 


In the first class period usually there has been no chance for 
preparation so that with the outlines before the class the instruc- 
tor proceeds to answer the questions bringing out discussion 
wherever possible. 


LESSON 1 
RELATION OF DAIRYING TO AGRICULTURE 


Object. To present a brief survey of the dairy industry and to indicate the 
value of dairy training. 
1. What is dairying? 
2. Why is the subject of dairying included in an agricultural course? 
3. What are the usual steps or stages in agricultural development? Explain 
the reason for this sequence of development. 
4. What are the advantages and disadvantages of dairying as a business? 
5. What are the different types of dairy farms? What are the local condi- 
tions that make for the success of each type? 
. What will be the use of dairy training to you as an average student? 
. In order to show the extent of the dairy industry in the United States and 
Nebraska tabulate for the next period the following: 
a. Number of dairy cattle in U.S., Nebraska and home county? How 
many dairy cows per square mile in each? 
b. Pure bred dairy cattle in U. S. and in Nebraska? 
ec. Value of dairy cattle in U. S., in Nebraska and home county? Com- 
pare with total live stock values in each. 
d. Value of dairy products produced in U. S., in Nebraska, and home 
county? Compare with other agricultural products. 
e. Total milk production in U.8., in Nebraska, and home county? 
f. Uses of milk in U. 8. by percentages? 
g. Compare per capita consumption of milk, butter and cheese in the 
U. 8., Switzerland, Denmark and Germany? 


At the first class period, a questionnaire is given each student 
asking the following information. This is an endeavor to get the 
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background of the student in order to present the course most 
effectively. 


GENERAL INFORMATION FROM STUDENTS 


Give the following information in regard to your own experiences: 


. Do you live on a farm? If the answer is ‘‘Yes’’ answer all questions; 


if ‘‘no’”’ answer only those questions that are starred *. 


. Do you milk cows on your home farm? How many? 
. Is dairying a minor or major part of the business on your farm? 
. What breed of cows are used on your farm? 


Are the cows grades or pure breds? 


. What breed of cows prevail in your community? 

. Is a pure bred bull used on your farm? 

. Do you know the yearly production of each of your cows? 

. What means of keeping milk records is used? 

. What is the average production per cow per year in your herd? 

- Do you have a milking machine? Whatkind? Is it satisfactory? 
. In what form do you sell your milk? Why? 

. Do you have a cream separator? Whatkind? Why? 

. What part of the total feed for your cows do you raise on the farm? 


15.* Do you consider dairying a profitable business? 


16. 


What are the main crops on your home farm? 


17.* What do you expect to do when through college? Why? 
18.* What are some of the main points that you would like to get from this 


first course in dairying? 


19.* Do you expect to take other dairy courses? 
20.* What has been the extent of your dairy training before coming to college? 
21.* How many dairy plants of any kind are there in your town? What do 


they manufacture? 


22.* Have you ever visited a large dairy plant and observed the handling of 


dairy products on a large scale? 


From this information it is hoped to tie the students’ local 
interest to the work presented in the course. The questionnaire 
used is designed to be used with a class that contains a large 
majority of farm-raised boys. 

It should be mentioned, that at the first class period use of the 
outline and the reference books is explained. The next lesson or 
problem is outlined also and any needed explanation made. 


LESSON 2 


RELATION oF Form To Funcrion Darry 


Object. To determine the importance of judging in the selection of dairy cows. 
How would you select a dairy cow for your own herd? 


1. 


2 
3 
4 
6 
7 
10 
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2. What is meant by dairy type? Compare dairy with breed type and 
explain differences? 

. What is ascore card? What is it’s purpose? 

. What points are most emphasized on the score card and why? 

. How does a breed score card differ from general dairy cattle score cards? 
Why? 

6. What is meant by the following terms: breed, pure bred, scrub, grade, 

pedigree, family? 
7. What are the purposes of breed associations? 


The student should appear at the second class period prepared 
to answer these questions all of which are discussed in the list of 
references given in the outline. The instructor then must bring 
out by class discussion the reaction of the student to the problem 
of the relation of form to function. The instructor should also 
correct any false impression that may have developed. 


LESSON 3 


or Darry Catrie Typrs 


Object. To bring out by the study of the origin of cattle, the present day types 
and the breed characteristics. 
1. For what purposes have cattle been developed? 
2. What are the milk producing animals of the world? Why are different 
animals used in different countries? 

. Compare present day dairy cow with the early cows? 

. What has brought about the change in dairy cows? 

. What are ruminants? For what purposes are they best fitted? Name 

several common ruminants? 

6. What are the chief characteristics of the division of the genus Bos; Bos 
Indicus; Bos primigenius and Bos Longifroms? What breeds today 
show these characteristics? 

7. Describe and explain two ways in which types of cattle may develop? 


From that lesson a ground work is laid upon which the breeds 
of dairy cattle may be discussed. 


LESSON 4 


Dairy BreepS—AYRSHIRE 


Object. To bring out by a discussion of history and characteristics the useful- 
ness of each particular breed. 
1. (a) Name the major breeds of dairy cattle? 
(b) Name the minor and dual purpose breeds? 
2. Why have some breeds developed to a great extent than others? Explain 


answer. 


11. 
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. Considering the original environment, the character of the people, etc., 


is the Ayrshire cow the type that you would expect? Why? 


. What in detail are the characteristics of the Ayrshire? 
. For what environmental and market conditions would you select Ayr- 


shires? Explain. 


. Where are the largest numbers of Ayrshires in the United States? Why? 
. What are the number of pure bred and grade Ayrshires in United States 


and in Nebraska? How does the breed compare in importance in 
United States and Nebraska? 


. What is the average production of Ayrshire advanced registry cows in 


milk and fat? What is the average per cent of fat? 


. What particular characteristics has Ayrshire milk? For what purpose is 


it especially useful? 


. Name five of the leading milk producing cows of the Ayrshire breeds and 


give production? 
Name and locate the organization that registers Ayrshire cattle in the 
United States? 


In this lesson an effort is made to consider cattle that are used 
for dairy purposes and then to bring out in some detail one breed, 
the Ayrshire. In the class discussion led by the instructor local 
relationships can be established. 

If it were to be summarized in outline form, our conception 
of the first course in dairy husbandry would be somewhat as 
follows: 


I. 


II. 


Planning the course. 

. According to training of the student. 

. With reference to conditions in the state. 
. As the only course that students will take. 
. To present a survey of the dairy industry. 

. To meet the allotted time. 

. To cover material of general interest. 

. Arrangement of subject matter under general headings. 
. Each part to answer a specific question. 
Presentation of the course. 

. Proper emphasis. 

. Interesting. 

. Provocative of thought and reasoning. 

. Object clearly set out. 

. Each part a step toward the whole. 

. Make the students work. 
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BACTERIAL ACTION IN THE COAGULATION OF 
EVAPORATED MILK* 


W. A. CORDES 
Blue Valley Research Laboratory, Chicago, Illinois 


The coagulation of unsweetened condensed (evaporated) milk 
has occasioned considerable loss to the condensed milk undustry. 
Instances have been recorded of the spoilage of large numbers of 
cans, sometimes involving practically entire batches and, again, 
occurring frequently enough among the cans of single batches to 
render exceedingly doubtful the delivery of the milk into the hands 
of the consumer in a perfect, sweet, sterile condition. Chemical 
composition has been important in limiting the extent of sterilizing 
and excessive percentages of solids have in some cases been re- 
sponsible for coagulation upon sterilizing. In others the high 
percentage of solids has induced incomplete sterilization because 
of the effort to prevent curdling during the exposure to heat. 

Curdling due to bacterial action after sterilization has been 
recognized and Hammer (1) has isolated and described an organ- 
ism which he encountered as a cause of coagulation and spoilage 
involving considerable loss to the condensery experiencing the 
trouble. He named this organism Bacillus coagulans. 


PRESENT INSTANCE OF TROUBLE 


The work herein reported was done in studying an outbreak of 
trouble in a condensery due to the coagulation of evaporated 
milk after sterilization and development of so-called “‘flat-sours.”’ 
It had occasioned considerable anxiety on account of the sporadic 
nature of the epidemic and the failure of a number of changes in 
methods of manufacture to stop the trouble. From the informa- 
tion given it was impossible to judge whether the difficulty was a 
chemical one, involving a limitation in the percentage of total 
solids permitting sterilization by heat, or a bacteriological dis- 


* Received for publication January 19, 1927. 
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turbance caused by the action of bacteria surviving the heat 
exposure during sterilization. 


EXAMINATION OF MILK SUBMITTED 


Several cans of the curdled evaporated milk were submitted. 
After removal of samples for bacteriological study an examination 
was made of the contents. The milk was found to be definitely 
curdled with irregular masses and lumps of curd present, and 
to possess a slightly bitter flavor of a cheesy nature but not un- 
pleasant. No free whey was apparent and no gas-escape was 
noted upon opening. None of the cans submitted was bulged. 

While at the outset there was no information available indicat- 
ing whether the defect was of bacteriological nature or a result of 
an unfortunate high solids composition, the physical.examination 
of the curdled milk indicated biological activity. This was con- 
firmed by the plating of the milk for determination of viable 
bacteria. One can gave a count of 9,000,000 colonies per cubic 
centimeter and another showed but 75,000. Several weeks 
elapsed between platings and it is likely that considerable num- 
bers died out in the interval. Direct transfers were made at time 
of plating from the milk in the cans to tubes of litmus milk, which 
were incubated to allow enrichment of any organisms present. 
Such tubes curdled after a number of days, depending on the 
temperature used, and were also plated for study of the organisms 
present and isolation in pure culture. 

The same organism was obtained from all sources examined 
—plating of original cans and of enrichment tubes—and the 
milk in the cans appeared to be essentially a pure culture. The 
organism isolated was found, upon study morphologically, cul- 
turally, and biochemically, to correspond with the Bacillus 
coagulans of Hammer. 


STUDY OF ORGANISM ISOLATED 


Observations recorded here constitute merely a brief survey of a 
few of the important characters of the organism isolated, serving 
to mark its identity as B. coagulans. 

Morphologically, the causative organism was rod-shaped, gen- 
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erally occurring singly, Gram-positive in young cultures, but 
predominantly negative in old. The predominating size in young 
agar cultures was 3.5 to 5.0 microns long and 0.5 micron wide. 
Occasional cells had the appearance of containing spores but 
these were not at all distinct. The water of condensation in 
twenty-four-hour whey agar slope cultures showed the rods to be 
actively motile. 

The growth on a whey agar slant was fair in amount after 
twenty-four hours at 37°C., echinulate, glistening, whitish, slightly 
raised, and increasing in amount with age, with heavy turbidity 
in the water of condensation. Development was much slower at 
room temperature. 

The colony on whey agar was 1 to 2 mm. in diameter after four 
days at 37°C., circular with entire edge, slightly raised, glistening, 
and whitish; clouded areas occurred surrounding the colonies, due 
to the penetration of acid into the medium. At room tempera- 
ture colonies were pin-point in size after one week. 

In litmus milk a slight reduction was evident in the bottom of 
the tube after twenty-four hours at 37°C. Complete coagulation 
occurred usually after three days with young, vigorous cultures; 
a red band formed at the surface, and there was a slight contrac- 
tion of the curd in some cases; no gas wasformed. At room tem- 
perature about five days was required for the first change to 
appear, and ordinarily coagulation occurred in about thirty days. 

The acidity production was studied in flasks of sterilized 
skim milk inoculated with the organism and held at different 
temperatures. Beginning coagulation was noted at acidities 
as low as 0.38 per cent and 0.39 per cent, thus confirming the 
results secured by Hammer in the original isolation of B. coagu- 
lans and indicating the activity of a rennin-like principle in the 
production of initial coagulation. Total acid production at 37°C. 
after fifteen days ranged around 0.85 to 0.90 per cent. 


REPRODUCTION OF DEFECT BY ARTIFICIAL INOCULATION 


In order to demonstrate conclusively the relationship of the 
organism isolated to the abnormal, curdled condition of the 
original milk submitted, inoculation experiments were carried out 
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on cans of normal evaporated milk. The usual method of intro- 
ducing suspensions of the organism through a hole punched in the 
tin with a sterile nail was followed. Control cans were opened 
and in some cases sterile water added before soldering over. The 
cans were incubated at both 37°C. and room temperature. 
They commonly exhibited a slight bulging after several days at 
37°C. The curdled, lumpy condition of the original spoiled milk 
was reproduced, accompanied by the slightly bitter, cheesy 
flavor of the cans submitted. The odor was characteristically 
sweetish, slightly cheesy. This condition was obtained in cans 
held ten days at 37°C. Inoculated cans allowed to stand without 
agitation were found to have the contents in a solid cake, more or 
less firm according to the temperature and time of incubation. 
Acidity production was around 0.9 to 1.0 per cent. The inocu- 
lated cans were examined bacteriologically and found to be pure 
cultures of B. coagulans, the organism inoculated. 


THERMAL DEATH POINT OF ORGANISM 


Having demonstrated that the coagulation in the original cans 
was due to bacterial action, it became necessary to determine how 
resistant the organism was to heat. The canssubmitted had been 
sterilized in a batch exposed to 238°F. for twenty minutes and 
were typical of a number of cases of so-called ‘‘flat-sour’’ that 
developed some time after sterilization. 

Preliminary tests with various cultures showed that the 
organism survived the ordinary test for spores, 80°C for ten 
minutes. Milk was the medium used and fresh transfers were 
used for heating, the milk itself being kept at a temperature of 
80°C. for ten minutes. 

Further trials with fresh milk transfers of several cultures were 
made by heating the tubes of !itmus milk in a bath of boiling 
water. The datain table 1 are typical of the temperature changes 
found, the tubes of cultures and the water bath both being at 
85°F. to start, and an extra tube of milk being placed with the 
culture tubes for the thermometer. 

Tubes were cooled down quickly in cold water after taking 
out of the bath. These results showed that the organism could 
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withstand three minutes exposure to temperatures practically 
that of boiling water, where the temperature of the culture itself 
reached 210°F. The milk cultures showed the usual changes—re- 
duction of the litmus and coagulation—after several days incuba- 
tion at 37°C. 

Further trials for thermal death point were made with the 
autoclave, using steam under pressure, fresh milk cultures in 
cotton-stoppered test tubes being used as before. These were 
placed in a container together with a tube of milk in which a 
maximum registering thermometer was placed. The container 
was placed in the center of the autoclave and a second registering 


TABLE 1 


TIME TEMPERATURE 
3:10 p.m. (start) Bath Tube 

°F. °F. 
3:11 100 
3:113 100 
3:13 140 126 
3:144 170 
3:15 180 164 
3:16 176 
3:17 208 192 1 + 
3:18 Boiling 207 2 + 
3:19 210 3 + 
3:20 210 4 + 


thermometer placed on a stand beside it, the autoclave being 
otherwise empty. In this way temperatures were obtained of 
both the autoclave and the cultures themselves. Cultures from 
different isolations were used; after autoclaving, the pressure was 
let down as rapidly as possible and the tubes cooled in water; 
incubation was at 37°C. 

Under these conditions cultures survived where the milk 
medium actually reached 223°F., the temperature being 223° 
for two minutes, between 212° and 223° for five minutes, and 
between 193° and 223° for twelve minutes. The temperature of 
the autoclave to which the milk was exposed was 233° to 234° 
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for thirteen minutes (fifteen minutes at about 7.5 pounds pres- 
sure). In other trials cultures reached 225° and survived, the 
time of exposure to the maximum temperature in the autoclave 
being twelve minutes, and the milk tubes being 212° to 225° for 
four minutes. 

Cultures exposed to a temperature in the autoclave of 233° to 
235° for fifteen minutes (seventeen minutes at 7.5 to 8.0 pounds 
pressure) were killed, the milk itself reaching 234° and being 
between 212° and 234° for six minutes, and between 225° and 234° 
for four minutes. 
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VARIABILITY IN COMPOSITION OF BUTTER FROM THE 
SAME CHURNING IN RELATION TO WORKING* 


Vv. C. MANHART 
Dairy Department, Purdue University Agricultural Experiment Station, Lafayette, 
Indiana 

Uniformity in the distribution of the water, salt, curd, and 
milk fat in creamery butter is highly desirable but seldom attained 
to the satisfaction of exacting creamerymen. This lack of uni- 
formity is evidenced by the variation in the composition of butter 
prints from the same churning. It is noticeable in the product 
of the best managed creameries, where careful attention is given 
to composition control, and often results in unintentional viola- 
tion of governmental regulations pertaining to the composition 
of butter. This station found that over 30 per cent of the prints 
sold at retail markets contain less than 80 per cent milk fat, while 
over 20 per cent of the prints contain 16 per cent or more water. 
Most creamerymen believe that such violations may be largely 
attributed to the nonhomogeneous character of butter. 

According to Lee, Hepburn, and Barnhart (1) there is a varia- 
tion in water content, ranging from 0.1 to 1 per cent, between 
different samples representing butter from the same churning. 
Hunziker, Mills, and Spitzer (2) found the following averages for 
water content in butter from different parts of the churn: gear 
end, 15.91 per cent; middle, 15.44 per cent; and gate end, 16.33 
per cent. Guthrie and Ross (3) found 17.6 per cent of 51 pack- 
ages with a difference of 1 per cent or more water in adjacent 
samples, 54.9 per cent with a difference of 0.5 per cent; while in 
34.2 per cent of the packages, there was a difference of 0.2 per 
cent salt in adjacent samples. J 

* The data presented in this paper are from a thesis, prepared in the Depart- 
ment of Dairy Husbandry under the direction of Professor H. W. Gregory and 
submitted by V. C. Manhart in partial fulfillment of the requirements for the de- 
gree of Master of Science in Agriculture at Purdue University. Published with 


the approval of the President of Purdue University and the Director of the Ag- 
ricultural Experiment Station. Received for publication August 19, 1927. 
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The results of these investigations show a large variation in 
the distribution of water and salt in butter. It is generally 
understood that insufficient working of butter may cause exces- 
sive variation in composition, and some butter experts advocate 
that the working process be prolonged until the texture of the 
butter is very close and the body quite dry. Such working, it is 
said, will result in less variation in the composition of butter 
coming from the same churning. 

The investigation reported in this paper was conducted for the 
purpose of determining the effect of prolonged working of butter 
upon the distribution of the water, salt, curd, and fat content. 


MATERIALS AND METHODS 


Butter used in the investigation was manufactured at the 
Purdue Creamery in a single roll Cherry Dreadnaught Churn, No. 
23 with a capacity (half full) of 3033 pounds of cream. The 
size of the churnings were varied from 876 to 2257 pounds of 
cream. All churnings were made during the months of December, 
1926, January and February, 1927. 

The samples consisted of 300 grams of butter taken from the 
churn with a trier and transferred to pint size, glass stoppered 
jars. The preparation of the samples, and the water and fat 
analyses were done in accordance with the methods of analysis 
of the Association of Official Agricultural Chemists (second 
edition, paragraphs 67, 68 and 69). The salt and curd con- 
tents were determined as follows. The salt was washed from 
the fat free solids, remaining in the crucible after the extraction 
of the fat, and titrated with silver nitrate. The difference 
between the fat free solids and the salt content was taken as the 
curd content. 


EXPERIMENTAL 


Ten churnings were made from which samples of butter were 
obtained for analysis. Nine samples were taken from each of the 
ten churnings at the following stages of the working process: 
three samples when the butter had been worked thirty revolu- 
tions, three when worked forty-five revolutions, and three when 
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worked sixty revolutions. Of each set of three samples thus 
taken, one sample was taken at the gate end of the churn, one from 
the middle, and a third at the gearendofthechurn. The samples 
were obtained by inserting an eighteen-inch butter trier the full 
depth of the butter roll in the churn and transferring the entire 
plug to the sample jar. The operation was repeated until the 
full sample was obtained, care being taken to avoid surface water 
pockets and drippings from the wall of the churn. 

The cream used in the churnings consisted of the regular run 
of farm skimmed cream received at the Purdue Creamery. It 
was standardized to 0.25 per cent acid with magnesia lime and 
then flash pasteurized at a temperature of 185°F., cooled over a 


TABLE 1 
Churning data pertaining to the cream used in the ten churnings of the experiment 

pounds per cent hours °F. 

1 876 30.5 3 50 50 

2 1,046 32.0 4 52 53 

3 1,175 34.0 3 48 48 

4 1,352 33.5 1 52 52 

5 1,288 35.5 3 50 50 

6 1,483 33.0 2 52 53 

7 1,661 32.0 3 52 52 

8 1,699 35.0 1 50 50 

9 1,969 35.0 1 53 53 

10 2,257 33.5 1 50 50 


tubular surface cooler to near the churning temperature and rip- 
ened in a vat ripener, there being about 10 per cent starter added. 
The pounds of cream, its milk fat content, ripening period and 
temperature, and the churning temperature for each churning are 
shown in table 1. 

The cream was churned until the butter granules became a 
trifle larger than grains of wheat. The temperature of the wash 
water was 4°F. less than that of the buttermilk. The water was 
drained from the churn through the gate, and then the butter 
was worked five revolutions. The doors were then opened a 
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TABLE 2 
Variation in the water content of butter from different parts of the churn as affected 
by working 
PERCENTAGE OF WATER 
NUMBER OF CHURNING 

Coefficient 
Gateend | Middle | Gearend |yersgeof| ‘Average 

1 14.73 14.85 14.52 14.70 0.120 0.82 

2 13.62 13.43 13.29 13.45 0.118 0.88 

3 14.11 14.08 13.93 14.04 0.073 0.52 

4 13.62 13.99 13.60 13.74 0.171 1.24 

30 5 13.94 13.88 13.99 13.94 0.038 0.27 

6 14.11 14.34 14.20 14.22 0.084 0.59 

i 14.73 15.03 14.78 14.85 0.124 0.83 

8 15.55 15.67 15.33 15.52 0.128 0.82 

9 14.52 14.77 14.45 14.58 0.127 0.87 

10 14.10 14.13 13.96 14.06 0.069 0.49 

14.30 14.42 14.20 14.30 0.105 0.73 

1 15.11 14.82 14.94 14.96 0.104 0.70 

2 14.07 13.90 13.88 13.95 0.080 0.57 

3 14.92 14. 66 14.41 14. 66 0.169 1.15 

+ 14.17 14.09 14.19 14.15 0.040 0.28 

45 5 14.97 15.00 14.98 14.98 0.009 0.06 

6 15.00 15.55 15.35 15.30 0.200 1.31 

7 15.60 15.61 15.50 15.57 0.047 0.30 

8 16.72 17.05 16.62 16,79 0.171 1.01 

9 15.19 14.91 14.70 14.93 0.169 1.13 

10 14.07 14.03 13.75 13.95 0.133 0.95 

re 14.98 14.96 14.83 14.93 0.112 0.75 

1 14.81 14.88 15.08 14.92 0.102 0.68 

2 14.26 14.11 13.86 14.08 0.144 1.02 

3 15.48 14.98 15.13 15.20 0.191 1.26 

+ 15.00 15.06 14.94 15.00 0.040 0.27 

60 5 15.96 15.97 15.98 15.97 0.007 0.04 

6 15.93 16.45 16.20 16.19 0.176 1.09 

. 16.03 16.55 16.46 16.35 0.211 1.29 

8 16.92 17.26 16.94 17.04 0.147 0.86 

9 15.15 15.02 14.75 14.97 0.149 0.99 

10 14.29 14.21 13.99 14.16 0.116 0.82 

pee 15.38 15.45 15.34 15.39 0.128 0.83 
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trifle and the churn rotated so as to permit the remnants of wash 
water to drain through them. The butter was salted by the 
trench method at the rate of 4 pounds of salt to 100 pounds of 
fat, after which, the churn was closed tight and the working con- 
tinued without further attempt to regulate the composition of the 
butter. 


Results 


The effect of prolonged working upon the distribution of the 
water, salt, curd, and fat in butter is shown by tables 2, 3, 4, and 5, 
respectively. These tables, in addition to the original data, show 
the average deviations and the coefficients of variability of the 
three samples taken from each churning at the different stages of 
the working process, namely; thirty, forty-five, and sixty revo- 
lutions. 

In table 2 it well be noted that the averages of the coefficients 
of variability indicate that the distribution of water become more 
variable as the working process was prolonged. However, this 
is not true of individual churnings. Churning 1, 4, and 5 show the 
opposite effect, while 2 and 7 show a less variable distribution of 
water at forty-five revolutions than at thirty, but a more variable 
distribution at sixty revolutions. Churning number 3 alone 
shows an increase in variability throughout the working process; 
while in churnings 6, 8, 9, and 10 the variability decreased from 
forty-five to sixty revolutions, yet it remained greater at sixty 
than at thirty. In these churnings, size of the churning un- 
doubtedly exerted some influence upon the distribution of water. 
The size of the churnings increased in the order of their numbers, 
from number 1, the smallest, to number 10, the largest, as may 
be recalled from table 1. Table 2 shows that in all of the five 
larger churnings, numbers 6 to 10 inclusive, the variability is 
greater at sixty revolutions than at thirty, likewise, in four 
churnings, greater at forty-five revolutions than at thirty; while 
but two churnings of the five smaller ones show greater varia- 
bility at sixty revolutions than at thirty, and only one churning 
shows a greater variability at forty-five revolutions than at 
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TABLE 4 
Variation in the curd content of butter from different parts of the churn as 
affected by working 


PERCENTAGE OF CURD 
NUMBER OF CHURNING 
REVOLUTIONS NUMBER 

WORK ED Gateend | Middle | Gear end 

1 0.69 | 0.61 | 0.61 | 0.64 | 0.038 | 5.96 

2 0.6 | 0.74 | 0.72 | 0.70 | 0.038 | 5.12 

3 0.76 | 1.03 | 1.26 | 1.02 | 0.171 | 16.81 

4 0.79 | 0.79 | 0.86 | 0.81 | 0.029 | 3.56 

5 0.52 | 0.55 | 0.62 | 0.56 | 0.031 | 6.39 

2 6 0.83 | 0.72 | 0.73 | 0.76 | 0.087 | 6.18 

7 0.81 | 0.85 | 0.99 | 0.85 | 0.027 | 3.18 

8 0.52 | 0.56 | 0.63 | 0.57 | 0.0 | 7.02 

9 0.70 | 0.62 | 0.61 | 0.64 | 0.036 | 5.60 

10 0.58 | 057 | 0.43 | 0.53 | 0.064 | 12.14 

Average...........| 0.68 | 0.70 | 0.74 | o.71 | 0.052 | 7.20 

1 0.60 | 0.74 | 0.74 | 0.6 | 0.062 | 8.94 

2 0.59 | 0.57 | 0.66 | 0.61 | 0.038 | 6.26 

3 0.96 | 0.75 | 1.16 | 0.96 | 0.138 | 14.42 

4 0.60 | 0.64 | 0.64 | 0.63 | 0.018 | 2.87 

~ 5 0.53 | 0.48 | 0.54 | 0.52 | 0.024 | 4.64 

6 0.77 | 0.86 | 0.81 | 0.81 | 0.029 | 3.57 

7 0.6 | 0.57 | 0.77 | 0.67 | 0.071 | 10.64 

8 0.61 | 0.73 | 0.69 | 0.68 | 0.04 | 6.49 

9 0.69 | 0.69 | 0.71 | 0.70 | oon | 1.58 

10 0.55 | 0.52 | 0.61 | 0.56 | 0.033 | 5.89 

Average...........| 0.66 | 0.66 | 0.73 | 0.68 | 0.047 | 6.53 

1 0.70 | 0.73 | 0.77 | 0.73 | 0.022 | 3.00 

2 0.63 | 0.57 | 0.72 | 0.64 | 0.053 | 8.28 

3 0.839 | 1.00 | 1.01 | 0.97 | 0.051 | 5.27 

4 0.57 | 0.87 | 0.80 | 0.75 | 0.118 | 15.79 

“ 5 0.73 | 0.75 | 0.75 | 0.74 | 0.009 | 1.21 

6 0.83 | 0.77 | 0.78 | 0.79 | 0.022 | 2.77 

7 0.81 | 0.82 | 0.82 | 0.82 | 0.003 | 0.37 

8 0.78 | 0.71 | 0.69 | 0.73 | 0.038 | 5.23 

9 0.54 | 0.62 | 0.65 | 0.60 | 0.042 | 6.96 

10 0.54 | 0.51 | 0.60 | 0.55 | 0.033 | 6.00 

Average........... 0.70 | 0.74 | 0.76 | 0.73 | 0.039 | 5.49 
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TABLE 5 
Variation in the fat content of butter taken from different parts of the churn as 
affected by working 
PERCENTAGE OF FAT 
NUMBER OF CHURNING 

REVOLUTIONS | Coefficient 
WORKED Gateend | Middle | Gearend | Aversgeof) Average oe 

1 81.85 81.80 82.64 82.10 0.364 0.44 

2 82.46 82.34 81.99 82.26 0.182 0.22 

3 82.35 82.24 82.27 82.29 0.044 0.05 

4 83.27 82.95 83.74 83.32 0.280 0.34 

30 5 82.94 82.97 82.99 82.97 0.018 0.02 

6 82.28 82.54 83.30 82.71 0.398 0.48 

7 82.17 81.71 82.08 81.99 0.184 0.22 

8 81.75 81.43 81.46 81.55 0.138 0.17 

9 81.38 81.05 82.10 81.51 0.393 0.48 

10 82.13 81.64 81.88 81.88 0.162 0.20 

82.26 82.07 82.44 82.26 0.216 0.26 

1 81.42 81.86 81.93 81.74 0.178 0.22 

2 81.81 81.69 81.37 81.62 0.169 0.21 

3 81.13 81.84 81.81 81.59 0.309 0.38 

4 82.74 82.93 83.03 82.90 0.107 0.13 

45 5 81.81 81.71 81.60 81.71 0.071 0.09 

6 81.23 81.80 81.61 81.55 0.211 0.26 

7 81.14 81.13 81.23 81.17 0.044 0.05 

8 80.28 79.45 79.82 79.85 0.287 0.36 

9 80.49 80.79 81.59 80.96 0.424 0.52 

10 82.14 81.95 81.98 82.02 0.076 0.09 

81.42 81.51 81.60 81.51 0.187 0.23 

1 81.65 81.65 81.59 81.63 0.027 0.03 

2 81.47 81.54 81.40 81.47 0.047 0.06 

3 80.54 81.12 80.92 80.86 0.216 0.27 

4 81.69 81.45 81.86 81.67 0.144 0.18 

60 5 80.24 80.20 80.12 80.19 0.044 0.05 

6 80.06 79.62 80.45 80.04 0.282 0.35 

7 80.41 79.72 79.88 80.00 0.269 0.34 

8 79.73 79.22 79.36 79.44 0.198 0.25 

9 80.68 80.72 81.54 80.98 0.373 0.46 

10 81.96 81.72 81.68 81.79 0.117 0.14 

Average..... 80.84 80.70 80.88 80.81 0.172 0.21 
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thirty. Of the ten churnings, seven show a greater variability 
in water content at sixty revolutions than at thirty. 

Table 3 shows that the distribution of salt in butter became 
less variable as the working process was prolonged. Churnings 
1, 2, 4, 5, 6, 7, and 9 show a continuous decrease in variability 
throughout the working process. Churning 3 and 8 show greater 
variability at forty-five revolutions than at thirty, but less varia- 
bility at sixty, while churning 10 shows less variability at forty- 
five and sixty revolutions than at thirty, but greater variability 


TABLE 6 
30 45 60 
REVOLUTIONS REVOLUTIONS | REVOLUTIONS 
0.052 0.047 0.039 
TABLE 7 
CHANGES IN MEBANS OF AVERAGE 
DEVIATIONS FROM 
30 to 45 30 to 60 
revolutions revolutions 
—0.029 —0.049 


at sixty revolutions than at forty-five. Thus all ten churnings 
show a more even distribution of salt at 60 revolutions than at 
thirty,while eight of the ten churnings show a more even distri- 
bution at forty-five revolutions than at thirty. 

Variation in the curd content of butter from different parts of 
the churn as affected by working is shown in table 4. Here it is 
noted that seven of the ten churnings show more even distribution 
of curd in the butter worked forty-five and sixty revolutions than 
in the butter worked thirty. Churnings 2, 4, and 9 show greater 


VARIABILITY IN COMPOSITION OF BUTTER 61 


variability at sixty than at thirty revolutions, while churnings 
1, 7, and 2 show greater variability at forty-five revolutions than 
at thirty. The averages of the coefficients of variability, also of 
the average deviations, show less variability as the working 
process is prolonged. 

Table 5 shows the variation in the fat content of butter taken 
from different parts of the churn as affected by working. It will 
be noted that the mean of the average deviations decreased 0.029 
per cent from thirty to forty-five revolutions, and 0.015 per cent 
from forty-five to sixty revolutions. Small decreases are likewise 
noted in the respective coefficients of variability. 


DISCUSSION 


The variation in the composition of salted butter, from a com- 
mercial standpoint, is determined by the distribution of the three 
chief non-fatty constituents, namely; water, salt, and curd. 
“ Uneveness of curd, water and salt, or brine distribution results in 
variability in the fat content and lack of uniformity in the compo- 
sition of the butter as a whole. This relation is shown by the 
comparison, of the algebraic sums of the changes in the means of 
the average deviations of the non-fatty constituents during the 
different stages of the working process, with the corresponding 
changes in the fat content. The means of the average deviations 
of the four constituents at the three stages of the working process 
as shown in tables 2, 3, 4, and 5, are given in table 6. 

The changes in the means, of the four constituents from 
thirty to forty-five and sixty revolutions, with the algebraic sums 
of the changes of the non-fatty constituents are shown in table 7. 

These figures show that the algebraic sums of the changes in 
the average deviations of the non-fatty constituents are approxi- 
mately equal to the corresponding changes in the average devia- 
tions of the fat. Variability in the fat content of butter, there- 
fore, expresses the variability in the composition of butter as a 
whole. 

The composition of the butters reported in this paper, as ex- 
pressed by the variability on the fat content, became less variable 
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as the working process was prolonged. The mean of the average 
deviations decreased from 0.216 per cent at thirty revolutions, to 
0.187 at forty-five, and 0.172 at sixty. This reduction effected 
by thorough working is of commercial significance, in that, it 
demonstrates that insufficient working is one of the several 
factors that may cause a variation in the composition of butter 
coming from the same churning. 

Of the three non-fatty constituents considered in this investiga- 
tion, the curd was the most variable, the salt next, and the water 
least. On the other hand, the curd content had the least effect 
upon the variability in the composition of the butter as a whole, 
since it is present in such small amounts as compared with the 
water and salt. The salt content exerted the greatest influence 
upon the variability in the composition of the butter, and the 
water content the next greatest, as shown by their average devia- 
tions. 

The variation in the water content is not as large as the varia- 
tion shown in the results of some former investigations. Hun- 
ziker, Mills, and Spitzer (2) found as much as 2.94 per cent varia- 
tion in water content of butter from different parts of the churn, 
and a variation of 1 per cent or more in the water content in ten 
out of eighteen churnings. The greatest variation found by the 
investigation reported in this paper was 0.55 per cent, while but 
two out of the ten churnings worked forty-five revolutions, and 
two out of ten churnings worked sixty revolutions, and none of 
the ten churnings worked thirty revolutions, showed variations 
greater than 0.5 per cent between different samples taken from 
the same churning. 

The average of the coefficients of variability in the water content 
of the five smaller churnings, which ranged in size from 676 to 1288 
pounds of cream, decreased from 0.75 per cent at thirty revolu- 
tions to 0.65 at sixty. The opposite results were shown by the 
five larger churnings which ranged in size from 1483 to 2257 
pounds of cream. In these churnings, the variability increased 
from 0.72 per cent at thirty revolutions to 1.01 per cent at sixty. 
In four of these churnings, numbers 6, 8, 9, and 10, the variability 
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increased from thirty to forty-five revolutions and then decreased 
from forty-five to sixty revolutions, yet it remained greater at 
sixty than at thirty revolutions. 

The decrease in variability in water content of the small churn- 
ings from thirty to sixty revolutions; and the increased variability 
of the larger churnings from thirty to forty-five revolutions, 
followed by a decrease at sixty revolutions, may be explained by 
the combined influences of salt and working upon the size of the 
water droplets present in the butter. 

It is generally understood that, during the early stages of the 
working process of salted butter, there is a marked decrease in the 
number of small droplets and a decided increase in the number 
of the larger droplets. The working process may be continued, 
however, until there is a redivision of the water droplets resulting 
in the reduction of size to nearly the point that prevailed before 
the salting and working commenced. 

The increase in size of the water droplets during the early 
stages of the working process results in a less even distribution 
and greater variability in water than at the stage before the salting 
and working was commenced. Prolongation of the working proc- 
ess from the early stages eventually reduces the size of the 
droplets and results in a more even distribution of the water and 
less variability. Thus in all churnings the variability of the water 
content increases to a certain point and then begins to decrease, 
approaching the original state of distribution before the salt was 
added and the working commenced. In the small churnings of 
this investigation the turning point was reached before the first 
observed stage of the working process namely, thirty revolutions. 
The comparison of the observations at thirty, forty-five, and sixty 
revolutions, therefore showed a decline in the variability in the 
water content as the working process was continued. On the 
other hand, in the large churnings the turning point was not 
reached until after the first observed stage of the working process. 
Thus, according to the observed stages, the variability in water 
content increased from thirty to forty-five revolutions and then 
decreased from forty-five to sixty revolutions, yet remained greater 
at sixty than at thirty revolutions. 
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The decrease in variability of the salt content as the working 
process was continued was to be expected. Being a foreign con- 
stituent of butter and added to it at, or near, the beginning of 
the working process, it is worked into the butter and dissolved 
by the water. Its distribution is naturally, extremely uneven 
during the early stages of the working process. Subsequent 
working, within practical limits, could not result in other than a 
more even distribution. 

The curd content of butter is so small that ordinarily its varia- 
bility in butter from different parts of the churn is of little concern 
from a commercial standpoint. Although a decrease was shown 
of the variability in curd as the working process was prolonged, 
in view of the relative crudeness of the method of analysis as 
compared with the slight changes noted, this change can be inter- 
preted only as an indication. 


SUMMARY 


The effect of prolonged working upon the distribution of water, 
salt, curd, and fat in butter was studied. Samples of butter were 
taken from different locations within the churn at three stages of 
the working process, namely, thirty, forty-five, and sixty revolu- 
tions. 

The composition of butter, as expressed by the variability 
in the fat content, became less variable as the working process 
was prolonged. Of the three non-fatty constifuents, the curd 
had the least effect upon the variability in the composition 
of butter as a whole, while the salt exerted the greatest influence 
and the water the next greatest influence. The variability in the 
water content of small churnings decreased as the working process 
was prolonged; while in large churnings, an increase in varia- 
bility was shown from thirty to forty-five revolutions followed 
by a decrease at sixty revolutions; however, the variability was 
greater at sixty revolutions than at thirty. A more even distri- 
bution of the salt and curd was obtained as the working process 
was prolonged. 
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BUTTER VERSUS OLEOMARGARINE IN RICKET 
CONTROL IN PIGS* 


ERNEST L. ANTHONY 
Dairy Department, West Virginia Experiment Station, Morgantown, West Virginia 


The following report covers one year’s experimental work in a 
coéperative experimental project between the Dairy Department 
and the Animal Husbandry of the West Virginia University and 
Experiment Station. This project is the more recent develop- 
ment of an earlier project started by these two departments in 
1923 to study the vitamin A deficiency in white corn and to secure 
a comparative economic measurement of this deficiency by sup- 
plementing a white corn basal ration with butter, which was rich 
in vitamin A, and also oleomargarine commonly considered to 
contain lesser amounts of vitamin A. In the progress of this 
earlier project it was noted that when oats were fed in the basal 
white corn ration that the pigs did not develop rachitic symptoms 
at about 90 days as was commonly experienced in white corn 
feeding. Oats have not been previously classed by investigators 
as having either vitamin A, the growth promoting vitamin, or 
vitamin D, the anti-rachitic vitamin, in noticeable amounts. 
The same oat fed lots of pigs when fed butter and oleo failed in 
the ordinary feeding period of 90 to 100 days to show any rachitic 
symptoms. 

This led to the development of a supplementary project in 
1926, in which the basal ration used in 1923-1924-1925 was 
changed to a new basal ration, containing white corn, buckwheat 
middlings and tankage and the same mineral mixture as the 
original basal rations, but without oats being used. Butter and 
oleo were used as in the earlier project with both basal rations, 
2 ounces being fed daily throughout the feeding period for each 
100 pounds live weight. Table 1 shows the results of this trial. 

This trial shows rather strikingly the fact that when oats were 


* Presented at the meeting of the American Dairy Science Association, East 
Lansing, Michigan, June 22, 1927. 
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used in the ration that the ordinary rachitic symptoms did not 
develop during the ordinary feeding period of 112 days. It also 
further shows that when the basal ration did not contain oats that 
50 per cent of each lot showed rachitic symptoms within 86 days 
after starting. The adding, however, of 2 ounces of butter daily 
per 100 pounds live weight of this same ration brought the lot 


TABLE 1 
Ricket control experiment with pigs, West Virginia University and experiment station 


3 |, {8 

a 

ele| 3 | 218 

1 |1926} Basal Ration I 112} 4] 38.5 | 182.5) 144.0) 1.29 

2 |1925| Basal Ration I with 5 | 46.4 | 169.2) 122.8] 1.25 o|- 
butter 

3 |1925] Basal Ration I with 5 | 47.0 | 160.4] 113.4] 1.16 | 410 0| — 
oleo 

4 |1926| Basal Ration II 112} 4] 39.3 | 184.7] 145.4] 1.29 2 | 86 

5 |1926| Basal Ration II with| 112} 4 | 39.0 | 197.0] 158.0) 1.41 - 
butter 

6 |1926| Basal Ration II with] 112} 4 | 40.5 | 196.0) 155.5] 1.39 2 | 86 

oleo | 


Basal Ration No. 1. White corn 500 pounds, oats 400 pounds, tankage 66 
pounds, oil meal 33 pounds. 

Basal Ration No.2. White corn 300 pounds, buckwheat middlings 100 pounds, 
tankage 20 pounds. 

Butter and oleomargarine fed 2 ounces daily per 100 pounds live weight. 

Basal rations fed 5 pounds daily per 100 pounds live weight. 


through 112 days feeding with no symptoms of rickets. The lot 
fed on the same basal ration, but with two ounces oleo daily per 
100 pounds live weight, showed 50 per cent rachitic conditions 
within 86 days after starting. 

Due to the fact that oats and butter have not been ordinarily 
considered to contain Vitamin D in large amounts, it was at first 
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questioned whether the rachitic symptoms observed were true 
rachitic symptoms or possibly confused with symptoms of Vita- 
min A deficiency. To the affected pigs in these lots, cod liver oil, 
both raw and oxygenated, was fed daily in amounts of 25 ce. per 
100 pounds live weight. Although several of these pigs had de- 
veloped well marked symptoms such as nervousness, dropping 
ears, off feed, wobbly walking, unable to rise, all pigs so treated, 
except one which died the first day of treatment, improved rapidly 
and were in normal market condition in 30 days after starting 
treatment. This seems to indicate rather conclusively that these 
symptoms were true rachitic ones and were held in check by 
either oats or butter added to the ration, but not when oleomar- 
garine was used. 

This project will be carried on again this year under the same 
plan, using basal ration I and II, and also using butter and oleo, 
but carrying all groups through breeding and farrowing to see 
whether the oats and butter serve as only a retarding influence on 
rachitic conditions or as a complete check throughout the life 
time feeding and activities of the pig. 

It should be added that all lots were carefully balanced, being 
made up as near as possible from pigs from the same litter of the 
same age and conditions, and were given the same care and treat- 
ment throughout the entire experiment. 

The oleomargarine was a nut margarine. The mineral mixture, 
composed of 5 pounds bone meal, 5 pounds acid phosphate, and 
1 pound common salt, was uniform for all lots, and was fed at 
rate of 1 ounce per 100 pounds live weight daily. ll lots of pigs 
were treated for worms before starting. 

The Basal Ration I was composed of white corn 500 pounds, 
oats 400 pounds, tankage 66 pounds, oil meal 33 pounds, and fed 
5 pounds daily per 100 pounds live weight. 

The Basal Ration II was composed of white corn 300 pounds, 
buckwheat middlings 100 pounds, tankage 20 pounds, and fed 
5 pounds daily per 100 ponds live weight. 

All lots were fed and handled on comparable concrete floors and 
runways, and were in the sunshine. Photographs were taken of 
all lots at beginning and end of the trial. 


A COMPARISON OF THREE METHODS OF PASTEURIZ- 
ING MILK FOR CHEDDAR CHEESE-MAKING* 


WALTER V. PRICE anv PAUL S. PRICKETT 
Department of Dairy Industry, Cornell University, Ithaca, New York 


Pasteurization of milk for use in the manufacture of cheese has 
been shown to be practicable and beneficial by Sammis and 
Bruhn (1912), Liska (1912), Stevenson (1923), Price (1927) and 
others. Various methods of pasteurizing were used by these 
workers. Since it is conceivable that different heat treatments of 
milk may affect the quality, yield and composition of the cheese 
produced, it is the purpose of this investigation to determine the 
effect on the cheese-making processes of three methods of pasteur- 
ization. These methods represent in a general way the type of 
heat treatments available for use in the manufacture of pasteur- 
ized milk cheese under commercial conditions. 


BACTERIOLOGICAL PROCEDURE 


The number of bacteria in the milk examined in this work were 
determined on lactose agar plates which were incubated at 37°C. 
for forty-eight hours. The medium used for plating had the 
following composition: 


The reaction was adjusted to pH 7.0 and one lot only of the 
medium was used in making the counts from a single experiment. 

Samples of milk for plating were held in cotton-stoppered, 
sterile test tubes which were packed in ice. The time interval 
between collecting and plating was never greater than four hours. 
Every dilution of each sample was plated in triplicate. 


* Received for publication July 10, 1927. 
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METHOD OF CHEESE MANUFACTURE 


The milk used in each experiment was placed in a 300-gallon 
pasteurizer and thoroughly mixed. Four portions, weighing 
approximately 400 pounds each, were then removed while the 
milk was in motion. Each lot was sampled for bacterial counts 
at this time. Without any unnecessary delay these lots were 
subjected to the following procedures: 

The first portion was placed in a cheese vat and held at approxi- 
mately 60°F. until the three remaining lots were ready to make 
into cheese. 

The second portion was pasteurized by heating to 160° to 
165°F. in a flash heater and then cooled immediately by means of a 
surface cooler. This method of pasteurization will hereafter be 
called the “‘Flash” process. 

The milk of the third portion was heated in a flash pasteurizer 
to 145° to 150°F. and then conducted to a cheese vat where it 
remained until the entire lot had been so treated. It was then 
cooled to about 88°F. by pumping it over a surface cooler. The 
average time of heating was approximately twenty-two minutes. 
Nine minutes elapsed before the milk was pumped over the cooler 
due to necessary changes in sanitary piping. The temperature 
of the milk was not permitted to fall below 142°F. before the 
cooling operation was started. The entire time of cooling aver- 
aged about eleven minutes. This method of pasteurization will 
be called the “Flash-Holder’ process. It was intended to 
duplicate approximately the holder method of pasteurization 
without the relatively expensive equipment of the usual holder 
method of treatment. 

The remaining 400 pounds was pasteurized by the well known 
“Holder” method. The milk was heated in a batch pasteurizer 
to 145°F. and held at that temperature for thirty minutes after 
which it was cooled to approximately 88°F. 

Exactly 300 pounds of each lot of milk was weighed into each of 
four 50-gallon jacketed cheese vats and samples were taken for 


1 This heat treatment was developed from a suggestion made by Mr. H. Feld- 
meir of D. H. Burrell and Company, Inc., Little Falls, New York. 
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bacterial counts. Clean flavored lactic starter was added 
immediately to the milk in amounts varying from 1 to 3 per cent. 
The starter was usually about eighteen hours old from the time 
of its inoculation. Each vat of milk was made into the best 
possible cheese by the procedure described by Price (1927). 

This procedure was followed as closely as possible for 10 experi- 
ments carried on between March 2 and May 25, 1926. In one 
experiment an accident resulted in the loss of the raw milk. The 
other lots were made into cheese as usual. This fact can be ob- 
served in subsequent data in the non-agreement of the differences 
of the mean scores and the mean differences in score between the 
pairs of raw and pasteurized milk cheese. 

The cheese were scored to determine their quality at the ages 
of four and eight months. Three or more judges? examined the 
cheese. The average of their scores was taken to represent the 
quality of the cheese. The estimates were made on the basis 
that a perfect score would be: flavor, 50; body and texture, 35; 
color, 15; finish, 10. 

The cheese and whey were analyzed for fat and total solids by 
the Mojonnier method (Mojonnier and Troy, 1925). 


BACTERIOLOGICAL RESULTS 


The bacterial counts of the raw milk ranged from 1,100,000 to 
190,000,000 per cubic centimeter. The percentage of the number 
of bacteria in the original milk which were destroyed by the 
different methods of pasteurizing are shown in table 1. The 
averages of the percentage reduction for the Flash, Flash-Holder 
and Holder heat treatments are 98.31, 98.65 and 98.96 respec- 
tively. 

The Holder method is apparently the most effective in reducing 
the bacterial count, while the Flash method allows the greatest 
number of organisms to survive the treatment. It is interesting 
to note the reduction accomplished by the Flash-Holder process. 


? The authors are grateful for the assistance of Mr. J.C. Marquardt of the New 
York Experiment Station (Geneva), Dr. E. 8. Guthrie and Mr. W. Hochstrasser 
of the New York State College of Agriculture, and Mr. A. B. Hargrave of the 
New York State Department of Agriculture and Markets, in scoring the cheese. 
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Bacterial counts were made on the lots of milk immediately after 
leaving the Flash heater when it was at a temperature of 145° to 
150°F. These determinations show that an average of 75 per 
cent of the total number of organisms in the raw milk are de- 
stroyed by this exposure. An additional 23.5 per cent of the 
number of bacteria in the original milk are eliminated during the 
subsequent holding period. 

It is probably true that the addition of starter to pasteurized 
milk in the amounts used in cheese-making establishes imme- 


TABLE 1 
Percentage of bacteria in original milk destroyed by the three heat treatments 
EXPERIMENT NUMBER FLASH FLASH-HOLDER HOLDER 
1 98.91 99.35 99.09 
2 99.83 99.86 99.76 
3 99.83 99.77 99.89 
4 99.60 97.72 99.13 
5 96.48 96.80 98.00 
6 99.55 99.21 98.79 
7 99.89 99.91 99.93 
8 96.19 97.80 98.24 
9 97.90 98.42 98.37 
10 94.91 97.71 98.40 
98.31 98.65 98.96 


diately a predominance of organisms whose development in- 
hibits the growth of those undesirable types which may have 
survived the heating process. It is therefore doubtful if the 
slight differences in the relative efficiencies of these heat treat- 
ments, as indicated by the percentage reduction of the numbers 
of organisms in table 1, are of any real significance in the manu- 
facture of Cheddar cheese. 


RESULTS OF CHEESE MANUFACTURE 
Effect of pasteurization on curdmaking 


The manufacture of cheese from milk pasteurized by any of 
these heat treatments is not unusual or difficult. The curd 
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resembles that obtained from very sweet raw milk of desirable 
quality. The only essential differences in the curd-making proc- 
ess are the slightly delayed coagulation in the flash heated milk 
and the slow acid development. The delayed coagulation can 
be corrected by using } to 1 ounce more of rennet or by setting at 
88°F. instead of 86°F. as is customary. The acid development 
can be controlled by the addition of commercal starter. 

The rate of coagulation of the four lots of milk is illustrated by 
the average Marshall rennet test before the addition of starter: 


Spaces 


The difference between the rate of coagulation of the raw and 
pasteurized milk is probably due partially to increase in the 
acidity of the raw milk during the interval when the lots of 
heated milk were being subjected to their respective heat treat- 
ments. It is true however, that flash pasteurization causes a 
delay in the rennet coagulation 

The curd produced from milk heated by the Flash method at 
160° to 165°F. can be successfully handled in spite of the slower 
rate of coagulation. This observation of the curdmaking process 
in these experiments is really unnecessary in view of the general 
use of the flash pasteurizer in New Zealand cheese factories 
(Stevenson, 1923) as well as in many factories in the United 
States. Cheddar cheese has also been made successfully on a 
commercial scale from milk pasteurized by the Holder method 
(Price, 1927). The curd produced by this heat treatment seems 
to resemble raw milk curd more closely than the curd produced 
by either of the other two methods of pasteurizing. The curd 
from the milk treated by the Flash-Holder process resembles 
that produced from the Holder-pasteurized-milk so closely that it 
is usually very difficult to distinguish between them. 


# 
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Effect of pasteurizaton on cheese quality 


Table 2 shows the mean scores of the cheese of the 10 experi- 
ments after four months of curing at 45° to 50°F. It is evident 
from an examination of these figures that pasteurization of milk 
by any of the three methods improves the quality of the cheese 
when it is partially cured. As might be expected, the improve- 
ment is chiefly in the flavor. 

The results shown in table 3 are emphasized when Student’s 
method (Student, 1908) is used to interpret the significance of 
the differences in the total score between the pairs of raw and 


TABLE 2 
Mean scores of the cheese when four months old 


RAW FLASH FLASH-HOLDER HOLDER 

Flavor scores........... 36.88 +0.49 | 38.64 +0. 26 | 38.40 +0.35 | 38.50 +0.27 

Body and texture scores.| 23.04 +0.15 | 23.25 +0.07 | 23.36 +0.07 | 23.34 +0.07 

Total 84.61 +0.57 | 86.49 +0. 42 | 86.62 +0.40 | 86.46 +0.45 

TABLE 3 
Mean gain in total scores of pasteurized milk cheese over raw milk checks at four 
months of age 

HEAT TREATMENT GAIN IN SCORE SIGNIFICANT ODDS 


pasteurized milk cheese. The advantages of this treatment of 
this type of data are discussed by Love and Brunson (Love and 
Brunson, 1924). Love’s tables (Love, 1924) have been used in 
conjunction with Student’s formula. 

From table 3 it is apparent that the improvement in the quality 
of the cheese due to pasteurizing by any of the three methods 
tried is practically the same when the cheese are four months 
of age. 

After eight months in the curing room at temperatures ranging 
from 45° to 55°F. the quality of the cheese is indicated by the 
average scores of table 4. Here again, as at four months of age, 
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the fiavor of the cheese shows the greatest improvement, due to 
the heat treatments to which the milk was subjected. 

Table 5 shows the average gain in total score, at eight months 
of age, of the pasteurized milk cheese when compared with the 
raw milk cheese made from identical raw material. The signi- 
ficant odds are calculated by Student’s formula. 

Tables 4 and 5 indicate that the Flash treatment is not quite so 


TABLE 4 
Mean scores of the cheese when eight months old 
RAW FLASH FLASH-HOLDER HOLDER 
Flavor scores........... 37.83 +0.37 | 39.26 +0.38 | 40.17 +0.38 | 40.01 +0.31 
Body and texture scores.| 23.10 +0.12 | 23.31 +0.07 | 23.51 +0.11 | 23.36 +0.11 
85.47 +0.37 | 87.16 +0.33 | 88.31 +0. 43 | 88.01 +0.38 
TABLE 5 
Mean gain in total scores of pasteurized milk cheese over raw milk checks at eight 
months of age 
HEAT TREATMENT GAIN IN SCORE SIGNIFICANT ODDS 
TABLE 6 
Cheese from 100 pounds of milk and starter 
RAW FLASH FLASH-HOLD ER | HOLDER 
pounds pounds pounds pounds 
9.92 +0.16 10.18 +0.16 10.18 +0.16 10.32 +0.17 


effective as the other two heat treatments in improving the 
quality of the cheese after aging for eight months. The Flash- 
Holder and Holder treatments show an even greater gain in score 
over the raw milk check than was apparent at four months of age. 
The difference in score between the cheese from Flash-Holder and 
Holder treated milk is too small to be of any significance. 

It is apparent from these scores obtained from the cheese during 
the curing process that each method of pasteurization improves 
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the quality of the cheese, and that the Flash-Holder and Holder 
methods of treating the milk cause the greater improvement in 
quality during the life of the cheese. 


Yield and composition 


The cheese was removed from the press on the day after it was 
made and weighed and sampled for fat and total solids tests. The 
average yield of the cheese is given in table 6. 


TABLE 7 
Average composition of the cheese 
MATERIAL RAW FLASH FLASH-HOLDER HOLDER 
per cent per cent per cent per cent 
REARS ER eet 34.37 +0.37 | 33.51 +0.25 | 33.19 +0.24 | 33.11 +0.30 
Solids-not-fat........... 28.53 +0.22 | 28.30 +0.25 | 28.56 +0.30 | 28.55 +0.19 
es 36.88 +0.26 | 38.18 +0.37 | 38.24 +0.34 | 38.34 +0.32 
TABLE 8 


Fat, solids-not-fat, and moisture in the cheese 


FLASH- 
MATERIAL RAW FLASH HOLDER HOLDER 


pounds pounds pounds pounds 


3.41 3.40 3.37 3.41 
TABLE 9 
Average composition of the whey 
MATERIAL RAW FLASH FLASH-HOLDER HOLDER 
per cent per cent per cent per cent 
0.386 +0.018 | 0.344 +0.017 | 0.368 +0.017 | 0.370 +0.016 
Milk-solids-not-fat..|6.43 +0.06 | 6.35 +0.07 |6.37 +0.07 |6.40 +0.06 


The cheese made from the Flash and Flash-Holder treated 
milk show a gain of approximately 0.25 pound, which represents 
2.5 per cent of the weight of the raw milk cheese obtained from 
the same amount of milk and starter. The Holder method heat 
treatment shows a gain in yield of 4 percent. Such gains, which 
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are in harmony with the results of previous work (Sammis, 1912; 
Price, 1927), tend to offset the cost of processing the milk. 

Analysis of the cheese brings out the fact that the increase in 
_ the yield of the pasteurized milk cheese is due largely to increase 
in its moisture content, as shown in table 7. This is further 
substantiated by the data of table 8 which shows the average 
pounds of fat, solids-not-fat, and moisture retained in the cheese 
from 100 pounds of milk and starter. 

Analysis of the whey (table 9), at the time of dipping tends to 
demonstrate that in these experiments the increased yield of the 
pasteurized over the raw milk cheese is probably not due to the 
greater retention of fat and milk-solids-not-fat. 

The differences noted in table 9 are too small to be considered 
significant for the number of observations. Other experiments 
(Sammis, 1912; Stevenson, 1923; Price, 1927) have shown that the 
slight tendency exhibited in these figures for the pasteurized milk 
cheese to lose less fat in the whey is to be expected under ordinary 
conditions. 


APPLICATION OF THE RESULTS 


The three methods of pasteurization, whose effect upon the 
process of Cheddar cheese manufacture are discussed here, suggest 
means by which any cheese factory can improve the quality of 
cheese produced. These treatments should prove especially 
valuable where milk of inferior quality must be made into cheese. 
The significant result of this work is the general improvement in 
the quality and yield of the cheese following the use of all the 
methods of pasteurizing. It is not intended to attempt to demon- 
strate here the other advantages which result from the pasteuriza- 
tion of milk for cheese making. The greater uniformity of the 
product and the improved keeping quality, as well as other facts, 
have been pointed out by those whose experiments and practical 
experiences with pasteurization have been previously mentioned 
in this discussion. 
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SUMMARY 


1. Milk pasteurized by any of the three heat treatments 
described produced higher scoring cheese than identical milk not 
pasteurized. 

2. No calcium chloride or hydrochloric acid was necessary to 
stimulate rennet coagulation. 

3. The Flash method of pasteurizing was not so effective as the 
other heat treatments. 

4. The yield of cheese from pasteurized milk was increased 
from 2.5 to 4 per cent in excess of the yield obtained from identical 
milk not pasteurized, due to the retention of more moisture. 
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THE POSSIBLE TOXICITY OF BUTTERMILK SOURED 
IN ZINC CONTAINERS* 


A. D. BURKE anp FRANK WOODSONt 
Dairy Department 
AND 
V. G. HELLER 
Chemistry Department, Oklahoma Agricultural Experiment Station, Stillwater, 
Oklahoma 

The general impression has long been held that zinc salts are 
toxic to man and animals. In the past there have been instances 
where foods, prepared or stored in zinc-lined vessels, were thought 
to have caused illness among persons comsuming them. 

In the spring of 1925, farmers in an Oklahoma community 
attributed a number of deaths among swine to the feeding of 
buttermilk held in a galvanized iron tank. They suspected that 
zinc dissolved from the lining of the tank, was the cause of the 
trouble. These facts, brought to the attention of the Oklahoma 
Agricultural Experiment Station, led to the following investiga- 
tion to determine whether zinc had been the chief contributing 
factor. 


PREVIOUS INVESTIGATIONS 


A review of the literature reveals interesting data regarding 
the possibility of zinc poisoning among men and animals. 

Barnard and Bishop (1) found that lemonade stored in a zinc 
container dissolved an appreciable amount of zinc. The Indiana 
State Board of Health, under whose auspices this investigation 
was conducted, declared unlawful the further use of zinc-coated 
containers for the manufacture and storage of acid drinks. 


* Published with the permission of the Director of the Agricultural Experi- 
ment Station. Received for publication October 31, 1927. 

t The authors are greatly indebted to Mr. A. W. Dean of the Cimarron Valley 
Creamery at Guthrie, through whose courtesy regular tri-weekly shipments of 
buttermilk were obtained during the period of this experiment. Likewise, our 
appreciation is due to Professor A.C. Baer and Dr. R. B. Becker, of the Depart- 
ment of Dairying, for valuable suggestions and criticism. 
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Seiffert (2) reported on metallic zine poisoning as follows: 


The damage due to zinc is underestimated. Zinc dust is swallowed 
and passes into the gastrointestinal canal. Continual, even though 
slight absorption of zinc, gradually produces illness. The greatest 
damage is done by the dusts of blende and calamine, which contain large 
amounts of zinc sulphate and zinc carbonate. Chronic zine poisoning 
in workmen in zinc smelters cannot be denied. In fact it is the chief 
cause of the occupational disease of that industry. 


Similar published reports are common. 

Since this inquiry began, a series of publications of the Depart- 
ment of Physiology of the Harvard School of Public Health, 
leads one to question many previous investigations, and suggests 
that some of the earlier investigators may have erred in their 
conclusions, and that where poisoning occurred, it may possibly 
have been due to contamination with arsenic, lead or antimony 
off the galvanized surfaces rather than to the zinc. 

Batchelor, Fehnel, Thomson and Drinker (3) have shown that 
men in contact with zinc metal suffered no disturbances as a 
result. Lutz (4) and Drinker and Collier (5) reported that zinc 
was a normal constituent of certain parts of the human body, 
was present in most foods, and in all probability performed a 
useful function in metabolism. 

Recently we reported (6) that rats fed a complete ration to 
which zine, or zine salts, were added up to 0.25 per cent of the 
food consumed, suffered no unfavorable effects. Histological 
examination failed to reveal any pathological conditions. Analy- 
ses showed no appreciable increase in the content of zinc in the 
heart, liver, kidneys, spleen, lungs and testicles of these rats. 


EXPERIMENTAL 


The problem regarding the possible toxicity of buttermilk 
held in zine storage vat, divides itself into two phases, analytical 
and biological; i.e., is the zinc content of the buttermilk increased 
through contact with zinc-lined vessels, and does such alteration 
render this buttermilk harmful to rats and swine? 

In attempting to answer the first question, quantitative analy- 
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ses were made for the zinc content of cultured buttermilk soured 
in glass containers, in new, and in old zinc pails, held for various 
lengths of time, and at various temperatures. The zinc content 
of commercially churned buttermilk obtained from a creamery 
where it has been stored in a galvanized storage vat, was also 
determined. 


METHOD OF ANALYSIS 


The milk was placed in an evaporating dish and heated to boil- 
ing, then transferred to a vacuum oven until dry. It was then 
transferred to a muffle furnace and heated six hours at black heat. 
The black product resulting was extracted with hydrochloric acid 


TABLE 1 
Effect of coniainers on the zine content of commercial and cultured buttermilk 


SOURCE AND KIND OF SAMPLE ws ACIDITY OF SAMPLE 
mgm. per cent 

Buttermilk cultured in glass containers. . an 3.5 0.80-0.9 
Commercial buttermilk from old gelvenised 

Cultured buttermilk in new galvanized pail held 

150.0 0.80-0.9 


and filtered, and the process repeated, dampening with nitric acid 
until completely extracted. The acid filtrate was analyzed by the 
Birckner (7) method. This method, briefly stated, consists in 
adjusting the hydrogen ion concentration so that the solution when 
treated with hydrogen sulfide precipitates the zinc and leaves the 
ironin solution The sulfide is well washed and dissolved in dilute 
hydrochloric acid. Aliquot parts of this solution were placed in 
Nesslerizing tubes and treated with potassium ferrocyanide. The 
resulting turbidity was compared with a series of standard zinc 
solutions, simultaneously prepared and treated. 

Better results were obtained by first removing the iron by the 
basic acetate method and then proceeding as directed. This step 
overcomes the difficulty of completely removing all the iron, as 
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was recommended in the original Birckner method. The results 
of the analyses confirmed the report of Birckner (7) that normal 
milk contains zinc. It further demonstrated that the milk dis- 
solved additional zinc from the container, as an inspection of the 
surface had indicated previously. Further, it was found that the 
zine content increased with length of time of storage, with in- 
creased temperatures, with the acidity of the buttermilk, and with 
newness of the containers. It is probably that some of these 
effects overlap in results reported here. An average set of analy- 
ses illustrating these facts, is given in table 1. 


BIOLOGICAL TESTS WITH RATS 


Rats and swine were used as experimental animals. The rats 
being used in larger numbers served as a check and also to verify 
the effects obtained on a very limited number of swine. Albino 
rats were chosen from the stock colony of the department of 
agricultural Chemical Research, the normal growth curve, age of 
reproduction, and size of litters of which had been established. 
They were fed the following basal ration: 


2 


The rats were divided into six lots, with respect to age, size and 
parentage, and placed in round metal cages. The basal ration 
was supplemented with buttermilk and zinc salts as shown in 
table 2. 

Reports in the literature led us to expect deleterious effects 
with all rations containing zinc. Our experimental animals 
showed few serious effects from these rations. Details concern- 
ing relative growth and reproduction are summarized briefly in 
table 3. 

It is observed that Lot II receiving buttermilk at will, grew 
better and had larger litters than those receiving the basal ration 
only. Lot III likewise grew above the normal rate, produced 
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young, and even the second and third generations produced young 
without exhibiting any deleterious effects from the ration em- 
ployed. Lot V also made fair growth, and reproduced, though a 
larger proportion of their offspring died. Lot VI made poor 
growth, and failed to reproduce. After several weeks they 
showed loss of appetite, the hair became rough, and they suffered 


TABLE 2 
Experimental rations received by rats 
LoT SUPPLEMENT RECEIVED IN ADDITION TO BASAL RATION 
I None 
II Buttermilk soured in glass, ad libitum 
Ill Buttermilk soured in new zinc pail, ad libitum 
IV Buttermilk from old galvanized tank, ad libitum 
Vv 0.5 per cent of ration as zinc lactate 
VI 1.0 per cent of ration as zinc carbonate 
TABLE 3 
I | None 2 2 3 18 3 | +4+++ 
II | Buttermilk soured in glass 2 2 3 23 2 j+¢++4++ 
III Buttermilk soured in new 4 6 7 48 3 I+4+4+4++ 
zinc pails 
IV | Buttermilk from old zinc 2 2 4 28 1 |+++++ 
tank 
V_ | 0.5 per cent zinc lactate 2 2 2 9 4 | ++4++ 
VI | 1.0 per cent zine carbonate 2 3 0 0 0 ++ 


from diarrhea. They were retained far beyond the period of 
sexual maturity, but did not reproduce. 

These results lead one to conclude that the amounts of zinc 
ordinarily found in food contamination, may have little or no 
harmful effects. It is only when the zinc salt is increased to 
abnormal amounts that growth and reproduction are affected. 
Such amounts are seldom found in food under ordinary 
conditions. 
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BIOLOGICAL TESTS WITH SWINE 


Eight Hampshire gilts of similar breeding, each weighting 
approximately 100 pounds, were obtained by the Dairy Depart- 
ment for use in a feeding trial. These animals were divided into 
four lots of two animals each, and * :aced in four separate pens 
on February 1, 1926. Each pe. was 12 by 14 feet, and was 
provided with a concrete runway 12 by 16 feet which gave the 
animals access to sunlight and permitted some exercise. Wheat 
straw was used as bedding, and was replaced as needed. The 
following spring, they were moved to more spacious quarters, 
having access to unsurfaced exercise lots. 


TABLE 4 
Rations consumed by experimental swine 


LoT ee - SUPPLEMENTS ADDED TO BASAL RATION 


I 2 Tankage from February 1 to April 12,1926. On April 13, 
buttermilk containing 0.5 to 1.0 per cent of com- 
mercial zine carbonate, was fed. Zine carbonate 
was discontinued on May 11, 1926 


II 2 Plain buttermilk 
Ill 2 Buttermilk from a galvanized iron tank in a com- 
mercial creamery 
IV 2 Cultured buttermilk held from twelve to forty-eight 


hours in new galvanized iron pails 


The basal ration fed to all lots, consisted of yellow corn and 
alfalfa hay, varied in amount according to appetite, rate of 
growth, and general thriftiness. Fresh water and salt were 
always available. Some fresh grass was fed in season, replacing 
the alfalfa hay. 

In addition to the basal ration, each lot received buttermilk, 
or tankage, or tankage supplemented with zinc salts, as shown in 
table 4. 

The feeding trial began on February 1, 1926 and continued 
until after farrowing with all animals except those in Lot I, which 
were discontinued on September 13, 1926. 
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DISCUSSION OF RESULTS 
Pen I 


The two gilts in Pen I constituted the control lot. They 
received yellow corn, alfalfa hay and tankage in addition to salt 
and water. They made normal gains, as would be expected. 
On April 13, 1926, tankage was withdrawn, and replaced with 
buttermilk to which 0.5 to 1.0 per cent of commercial zinc car- 
bonate had been added. For two weeks they drank this product 
with apparent relish. It was then noticed they began to prefer 
water to the treated buttermilk. Shortly thereafter, the smaller 
gilt exhibited increasing stiffness of the hind legs. Whether this 
was due to the zine carbonate to lack of exercise, to a shortage of 
minerals in the diet, or to a rheumatic condition caused by being 
continually on concrete floors, was undetermined. However, it 
is well to note that repeated veterinary examinations failed to 
disclose definite symptoms of zinc poisoning. Zinc carbonate was 
withdrawn from the ration on May 11, 1926, and the animal per- 
mitted free access to grass and to bone phosphate, while cod liver 
oil was added to her ration. For awhile she appeared less ani- 
mated, and seemed somewhat in pain, but continued to show 
slow gains in weight. When returned to the Animal Husbandry 
department on September 13, 1926, this animal still exhibited 
some stiffness of the hind legs. The pen-mate was unaffected. 
Both animals were pregnant. It is therefore not apparent 
whether zinc carbonate played any part in the observed pathologi- 
cal condition. 


Pen II 


The gilts in Pen II received the basal ration plus plain butter- 
milk. This buttermilk was the product made from churning 
cream that had been neutralized to approximately 0.3 per cent 
acidity at the churn, or was cultured in tinned containers from 
separator-skimmed milk. Both gilts made satisfactory gains in 
weight. On September 4, 1926, the first gilt farrowed one dead 
and four living pigs, healthy and normal. The second gilt was 
bred repeatedly, finally farrowing one dead and nine live pigs on 
July 22, 1927. These were of good size and active. 


4 
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Pen III 


The gilts in Pen III received the basal ration plus buttermilk 
obtained from the churning of neutralized cream in a commercial 
creamery. ‘This buttermilk was pumped from the churn directly 
to a large galvanized iron storage tank and held twelve to twenty- 
four hours before being drawn off by creamery patrons and taken 
to the farms there to be fed to hogs. Through the courtesy of the 
creamery, regular shipments of this buttermilk were obtained for 
use in the feeding trial. 

TABLE 5 
Record of farrowing of experimental swine 


NUMBER oF Pras | 4V=R- 
SUPPLEMENT USED AGE 


Lot | (CONTROL SOWS LATER DATE OF FARROWING 
RECEIVING) 
Live Dead PIGS 


WEIGHT 
OF 80W 
AFTER 
FAR- 
ROW- 
ING 
pounds| pounds 

327 
276 
328 
434 


I| Zine carbonate as || 1 | Pregnant Withdrawn 
in table 4 2 | Pregnant September 
13, 1926 

, , 3 | September 4, 1926 4 1 2.29 

II} Plain buttermilk { 4| July 22, 1927 9 1 2.78 
III} Buttermilk from }| 5 | February 25, 1927 10 1 2.67 | 419 
zine storage vat || 6 | September 2, 1927 6 0 2.70 | 537 
Buttermilk soured || 7 | December 21, 1926 | 9 | 0 | 3.39| 449 
—_ 8 8 | May 31, 1927 5 0 | 3.47 | 480 


Both gilts came in heat normally, and were bred. On Feb- 
ruary 25, 1927, the first sow farrowed one dead and ten live pigs 
that appeared normal but were somewhat weak. The second 
sow was served seven times. She finally became pregnant, and 
farrowed six live pigs on September 2, 1927. 


Pen IV 


Two pigs in Pen IV received the basal ration plus buttermilk 
soured in galvanized iron pails of 14 quart capacity. This butter- 


| 
| 
| 
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milk was made by allowing skim milk to stand at room tempera- 
ture for twelve to forty-eight hours. New pails were purchased 
and used as frequently as the zinc coating appeared to be dis- 
solved from the inner surface of the pail. Both gilts came in heat 
normally and were bred. On December 21, 1926, the first sow 
farrowed nine live, healthy pigs, all of good size except one. The 
second sow, after repeated breeding, conceived and farrowed five 
healthy pigs on May 31, 1927. 

Since data were desired only as to the effect of the zinc in the 
buttermilk upon the sows themselves, and upon their ability to 
reproduce, each animal was withdrawn from the trial immediately 
after farrowing. No indication was noted that the zine dissolved 
from zinc-lined containers by buttermilk, had any effect upon the 
sows themselves, nor upon the size and vigor of the offspring. 
The delay experienced in getting some of the animals to conceive, 
may or may not have been due to the degree of fatness of the 
animals at time of breeding. It appears that such may have 
been the same, since this difficulty was experienced with one 
animal in each of the last three lots. 


DISCUSSIGN OF RESULTS 


Several factors are worthy of note before any conclusions are 
drawn. In the first place, we acknowledge that our facilities were 
too limited to permit a larger number of swine to be used in this 
phase of the work, but believe that the data obtained from them, 
together with that secured from the feeding trials with rats, are 
sufficient to be of value in throwing some light upon the possible 
toxicity of the buttermilk held in zinc-coated equipment, and of 
the zinc compounds used. 

It was necessary to re-breed several of the gilts, one as many 
as seven times, before they became pregnant. Doubtless the 
boars were not at fault, since they rendered satisfactory service 
with other animals in the regular college Hampshire herd. Since 
as much difficulty was experienced with Lots II and III as with 
Lot IV which received the buttermilk containing the largest 
amounts of zinc, as shown in table 1, it is thought by the authors 
that the failure to conceive readily was not caused by the zinc, but 


| 
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possibly by the excessively high fat condition of the animals 
receiving such a good ration, or to a lack of sufficient exercise. 
The feeding trial was begun with gilts weighing approximately 
100 pounds. As far as health and reproduction are concerned, the 
buttermilk soured in zine containers appeared to have no marked 
effect, with animals of this size. 

Attention should also be called to the fact that the gilts in 
Lots I and IV were fed buttermilk containing dissolved zine in 
much greater quantities than would ever be given under ordinary 
conditions. Therefore, in the light of the results obtained with 
both rats and swine, the following conclusions seem warranted. 


CONCLUSIONS 


1. Buttermilk dissolves the zinc from the surface of galvanized 
vessels in proportion to (a) acidity of the buttermilk, (b) area of 
surface exposed per unit of buttermilk present, and (c) time of 
exposure. 

2. Small amounts of zine lactate such as might be found in 
food appear to have no marked effect upon growth and reproduc- 
tion of rats and swine. 

3. A relatively large amount of zinc corbonate (1 per cent or 
more) appears to retard growth and reproduction of rats. The 
exact nature of the injury in not entirely evident. 

4. It would appear that buttermilk soured in galvanized con- 
tainers has no deleterious effect upon growth and reproduction of 
rats and swine, under the conditions of this experiment. 
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INFLUENCE OF TEMPERATURE ON THE CHANGES 
PRODUCED IN MILK BY CERTAIN BACTERIA* 


R. 8S. SARKARIA anv B. W. HAMMER 
Department of Dairying, Iowa State College, Ames, Iowa 


INTRODUCTION 


The changes brought about in various materials by bacteria are 
extremely important in the study of these organisms. Certain 
of them are investigated chemically in an attempt to explain the 
source of various products formed, while those that can be 
readily detected are widely used in the identification of organisms. 

Milk may undergo a variety of changes because of the number 
of constituents it contains which are easily broken down; some of 
these changes, especially those in the casein, are very con- 
spicuous. Milk is, therefore, a valuable medium for use as an 
aid in identifying certain organisms and is widely employed for 
this purpose. 

Observations made at various times indicated that with certain 
organisms the temperature at which growth occurred had an 
influence on the type of change brought about in milk. An at- 
tempt was accordingly made to determine with what organisms 
there was such an effect, and also whether or not it was pro- 
nounced enough to be given consideration; the results secured are 
reported herein. 

GENERAL PROCEDURE 


In the study of the influence of temperature on the changes 
brought about in milk by bacteria the only temperatures used 
were room temperature and 37°C. Tubes of milk from the same 
lot were inoculated, using approximately equal amounts of 
inoculating material, and some held at room temperature and the 
others at 37°C.; observations on the changes occurring were then 
made at various intervals over a rather extended period. The 
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rate of change at the two temperatures was also studied in a 
general way by means of acid and soluble nitrogen determinations 
and some attention was given to the numbers of organisms 
present. 

METHODS 


The lots of milk studied were held in test tubes in quantities 
of about 10 cc. When a given determination was run on differ- 
ent days new tubes were used each time. 

Acid determinations. The acid determinations were made by 
titrating a measured portion of the milk, usually 5 cc., with 
N/20 NaOH using phenolphthalein, and calculating as lactic 
acid. 

Soluble nitrogen determinations. The soluble nitrogen was 
separated by measuring a small volume of the milk, usually 5 
ec., into a beaker, adding water and a few drops of glacial acetic 
acid and then filtering. Nitrogen determinations were run by 
the Kjeldahl method on both the soluble and insoluble portions, 
so as to provide data for a check on the total amount of nitrogen. 

Bacterial counts. The bacterial counts were run by the plate 
method. Whey agar was used for the true lactic acid organisms 
and the standard agar for milk analysis for the other types; the 
incubation was forty-eight hours at 37°C. in all cases. 

Sampling. Before sampling flocculated or curdled material 
for various purposes it was broken up and distributed as uni- 
formly as possible by means of a sterile glass rod. 


RESULTS OBTAINED 


The organisms studied may conveniently be divided into two 
groups, (1) those belonging to the lactic acid bacteria and attack- 
ing principally the lactose, and, (2) those belonging to the 
proteolytic types and having their conspicuous action on the 
casein. The former may be separated into (a) the true lactic 
acid organisms and (b) the gas forming lactic acid organisms. 


1. Lactic acid bacteria 
a. True lactic acid organisms. There was no evidence that 
temperature had an effect on the type of the change produced in 
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milk by the true lactic acid bacteria but certain of these were 
nevertheless investigated. 

Streptococcus lactis. Two typical S. lactis cultures were 
studied, and with both of them there was no observable differ- 
ence in the type of change produced in litmus milk at room tem- 
perature and at 37°C. The reduction, coagulation and return of 
the color proceeded in essentially the same manner in both 
cases. At 37°C. definite reduction of the litmus and the sub- 
sequent changes occurred much more quickly than at room tem- 
perature, as is usually the case with S. lactis cultures, although 
there are certain ones with which the changes at 37°C. are 
slower than at room temperature and some with which there is 
no growth at 37°C. Covering the surface of the milk with 
nujol to limit the oxygen supply had no definite influence on the 
changes produced in milk by the organisms. 

Determinations of the acidity at various intervals showed that, 
with the cultures studied, acid was produced much more rapidly 
at 37°C. than at room temperature during the early part of the 
holding period, but that later the acidity was higher at room tem- 
perature. The differences between the acidities eventually de- 
veloped at the two temperatures were not large but were obtained 
regularly. This is in agreement with unreported data pre- 
viously secured at the Iowa Agricultural Experiment Station 
with a larger number of §. lactis cultures. It would be expected 
that with the organisms growing so well at the two temperatures, 
the acid developed would have more of an inhibiting effect at the 
higher temperature. No increase in the amount of soluble nitro- 
gen in milk in which the organisms had grown was noted at 
either temperature. 

Bacterial counts showed that the decrease in the number of 
organisms following the increase during the period of active 
growth occurred more quickly at 37°C. than at room temperature. 

Lactobacillus bulgaricus. The L. bulgaricus culture studied 
grew very slowly in litmus milk at room temperature and very 
rapidly at 37°C. so that the variation in the effect of these two 
temperatures on the rate of change with this organism was 
pronounced. The general character of the changes at the two 
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temperatures was the same, however, and cultures at room tem- 
perature had the appearance of cultures in the same stage of 
development at 37°C. When the surface of the milk was cov- 
ered with nujol, growth was essentially the same as when the 
oxygen supply was not limited. 

The total acidity produced, even after a number of days, was 
always much lower at room temperature than at 37°C. No 
increase was noted at either temperature in the soluble nitrogen 
in the milk in which the organism had grown. 

The decrease in the number of organisms following the active 
increase occurred more quickly at 37°C. than at room tem- 
perature. 

Lactobacillus casei. The L. casei culture studied grew much 
less rapidly at room temperature than at 37°C., but the changes 
in litmus milk were essentially the same at the two temperatures, 
and involved reddening and reduction of the litmus, and coagula- 
tion. Flooding the surface of the milk with nujol had no definite 
effect on the rate or type of change produced in milk by L. casei. 

The total acidity developed in milk, even after six days incuba- 
tion, was considerably higher at 37°C. than at room tempera- 
ture; at the former temperature the acid production was especially 
rapid during the first two days. No increase in the soluble nitro- 
gen was noted as a result of the growth of the organism in the 
milk. 

The bacterial counts showed that both the increase and the 
decrease following it were more rapid at 37°C. than at room 
temperature. 

b. Gas forming lactic acid organisms. The preliminary observa- 
tions suggested that temperature had only a slight effect on the 
changes produced in milk by the gas forming lactic acid organ- 
isms; however, two species belonging to this group were studied. 

Aerobacter aerogenes. The culture of A. aerogenes used was 
isolated from the mouth of a cow. At room temperature slimi- 
ness developed in litmus milk in from six to seven hours and 
increased with age; the litmus was soon reddened. Gas bubbles 
were noted and were greatly increased in numbers when the 
tubes were jarred. The slimy material became very conspicuous 
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at the surface and appeared as a definite layer, while beneath it 
the casein seemed to separate out slightly. Later the sliminess 
decreased and there was a reduction of the litmus which gave 
the cultures a white appearance. At 37°C. growth occurred 
more quickly, as judged by the development of sliminess and the 
reddening of the litmus. Gas was soon evident also. There 
seemed to be a more definite separation of the casein than at room 
temperature and sometimes even the suggestion of a firm curd. 
Reduction of the litmus occurred sooner than at room tempera- 
ture but the sliminess was never so pronounced. Covering the 
surface of the litmus milk with nujol to limit the air supply seemed 
to slow up the changes at both Rea but did not influence 
their general character. 

Although the results were not iin in general acid was pro- 
duced in milk more rapidly and in larger amounts at 37°C. than 
at room temperature, while at both temperatures the limiting 
of the oxygen supply favored acid production. The soluble 
nitrogen values found showed that there was no definite change 
in the amount of soluble nitrogen in milk in which the organism 
had grown. 

The bacterial counts indicated that the decrease in the number 
of organisms following the increase occurred sooner at 37°C. 
than at room temperature. 

In general growth seemed to be more rapid at 37°C. than at 
room temperature and there was more of a tendency toward the 
formation of a definite curd. Sliminess seemed to be favored dy 
the lower temperature but was pronounced at both. 

Aerobacter oxytocum. The culture of A. oxytocum used was 
isolated from a sample of gassy cheddar cheese. At room tem- 
perature gas formation and reddening of the litmus were evident 
in litmus milk in about twelve hours, while after twenty-four hours 
gas was present in large amounts. Reduction of the litmus began 
after four or five days and was almost complete in from seven to 
ten days. Usually there was only a suggestion of coagulation 
and no definite curd was formed. Often there was some develop- 
ment of sliminess. At 37°C. gas formation and reddening and 
reduction of the litmus occurred more quickly than at room tem- 
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perature. Later coagulation took place and was much more 
definite than at room temperature; the curd often showed 
fissures through which gas had escaped. With age the curd 
became tough and rubbery. Sliminess was sometimes noted but 
was not as pronounced as at room temperature. Limiting the 
oxygen supply by covering the surface of the milk with nujol 
seemed to decrease the rate at which the organism brought about 
changes at either temperature. 

Determinations showed that acid production started off more 
rapidly at 37°C. than at room temperature but that the higher 
acidities were reached at the latter temperature. The use of 
nujol at the surface of the cultures had no definite effect on the 
acid production. No change was noted at either temperature in 
the soluble nitrogen in milk in which the organism had grown. 

Bacterial counts indicated that the decrease in the numbers 
of organisms following the increase during active growth occurred 
more quickly at 37°C. than at room temperature. 

The principal difference in the changes in milk at room tem- 
perature and at 37°C. was in the coagulation, a definite curd 
being formed at the latter temperature but not at the former. 
There was an abundance of gas at both temperatures but the 
sliminess was more pronounced at room temperature. 


2. Proteolytic types 


The preliminary observations suggested that temperature had 
a rather definite effect on the type of change produced in milk by 
some of the proteolytic organisms and accordingly a number of 
these were studied. 

Staphylococcus cremoris-viscosi. The culture of Staph. cre- 
moris-viscosi studied came originally from an outbreak of ropy 
milk on an Iowafarm.' In litmus milk at room temperature ropi- 
ness was evident in from seven to nine hours and increased with 
age. After about sixteen hours a clear layer of viscous material 
developed at the surface and then later there was a suggestion of a 
flocculation of the casein. The precipitated casein soon began to 
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digest near the surface. The flocculation and digestion continued 
until there was a distinct layer of curd in the bottom with a clear 
liquid above. With the appearance of a definite change in the 
casein the ropiness disappeared entirely. At 37°C. milk cultures 
became ropy in from six to ten hours. After about twenty-four 
hours there was definite coagulation with a thin film of clear 
slightly ropy material at the surface. The increase in the depth 
of the clear surface portion suggested digestion; the clear portion 
soon lost its viscosity. A considerable mass of curd remained in 
the lower portion of the tubes even after very long holding periods. 
Often the curd remained attached to one side of the tube, as it 
decreased in amount, instead of collecting at the bottom. Limit- 
ing the oxygen supply by flooding the milk with nujol greatly 
decreased the rate of change in litmus milk at both temperatures 
but had comparatively little influence on the type of change. 

Acid determinations were made at frequent intervals on cul- 
tures grown at room temperature and at 37°C., both with and 
without nujol. The results showed that acid development was 
lower at room temperature than at 37°C. and also slower under 
nujol than when exposed. In no case, however, was the acidity 
sufficient to cause coagulation. Comparisons were made of the 
soluble nitrogen in cultures grown at room temperature and at 
37°C. for varying periods and a greater amount was regularly 
found in the room temperature cultures. This agrees with the 
general appearance of the cultures developed at the two tem- 
peratures. 

Bacterial counts showed that the organisms reached their 
maximum numbers much more quickly at 37°C. than at room 
temperature and that after several days there was a pronounced 
decrease at 37°C., while at room temperature the decrease was 
only slight. 

The principal difference in the action of the organism on milk 
at the two temperatures was a more conspicuous digestion at 
room temperature and a much more definite curd formation at 
37°C. It was found that the temperature effect was definite and 
independent of the age of the inoculating material or the tem- 
perature at which it had been grown. 


of 


96 R. S. SARKARIA AND B. W. HAMMER 


Pseudomonas fluorescens. At room temperature litmus milk 
cultures showed no change during the first twenty-four hours but 
during the next twenty-four hours there was a definite clearing 
at the surface. The digestion increased with age from the sur- 
face downward and there was some settling out of the casein but 
this material also digested and eventually the entire material was 
quite clear. The change in the color of the litmus suggested a 
decrease in the acidity, and there was some reduction beginning 
at the bottom. Usually a dry pellicle developed at the surface 
of the cultures. At 37°C. digestion was evident at the surface 
in twenty-four hours, while in the lower portions of the tubes 
there was some flocculent coagulation. Digestion continued and 
involved this floccuent material, aithough there remained a small 
amount of curd in the bottoms of the tubes even after six or seven 
days. By limiting the oxygen supply with a layer of nujol the 
rate of digestion was greatly decreased at both temperatures. 

Determinations showed that acid production in milk was some- 
what slower at room temperature than at 37°C. and that it was 
slower at both temperatures when the milk was covered with 
nujol than when it was exposed. In all cases, however, the 
acidity remained very low. Comparisons of the soluble nitrogen 
in cultures grown at room temperature and at 37°C. for varying 
lengths of time showed a tendency toward more soluble nitrogen 
at 37°C. early in the holding period, while later the differences 
were negligible. This is in agreement with the observations that 
digestion was pronounced at both temperatures, although it 
started off more rapidly at 37°C. 

Bacterial counts showed the same general numbers of organisms 
at the two temperatures. 

With Ps. fluorescens the conspicuous change in milk at either 
room temperature or 37°C. was a digestion. Coagulation was 
rather indefinite but at 37°C. there was more of a tendency toward 
a flocculation of the casein and a settling out of a mass of curd 
than at room temperature. 

An enzyme preparation was made by transferring some of the 
clear digested material from a milk culture grown eight to ten 
days at room temperature to a sterile test tube, adding CHCl, 


CHANGES PRODUCED IN MILK BY BACTERIA 97 


and stoppering the tube; the mixture was frequently shaken dur- 
ing a holding period of several hours at room temperature. 
When this preparation was added to sterile milk in the ratio of 
one to ten, it caused a digestion at either temperature, without 
flocculation or reduction of the litmus; after six or seven days 
digestion was practically complete. Both microscopic examina- 
tions and transfers to agar slopes failed to show the presence of 
organisms. 

Proteus vulgaris. With the culture studied growth at room 
temperature was comparatively slow. Digestion began at the 
surface after several days and progressed downward; when diges- 
tion was almost complete a small amount of material had settled 
out. The color of litmus milk changed to a yellowish brown 
which darkened withage. At 37°C. reduction of the litmus began 
in about twenty-four hours and in about thirty hours there was a 
layer of digested material at the surface. Beneath the digested 
area the milk developed a slight flocculation of the casein. 
Digestion of this material took place until there was only a slight 
sediment and the milk had a light brown color. When the oxygen 
supply was limited by covering the surface of the milk with a 
layer of nujol, the rate of growth was decreased at both tempera- 
tures, but there was no influence on the type of change. 

Acid determinations at various intervals on milk in which the 
organism was growing showed a slight increase in acid and then a 
decrease. In general the increase was less and the decrease went 
to a lower point at 37°C. than at room temperature. Flooding 
with nujol resulted in a higher acidity and a smaller decrease at 
both temperatures. Determinations of the soluble nitrogen after 
various growth periods showed that an increase began more 
quickly and was slightly more pronounced at 37°C. than at room 
temperature. 

Bacterial counts indicated no very striking differences in the 
numbers of organisms at the two vemperatures during the period 
of examination. 

With P. vulgaris as with Ps. fluorescens coagulation was not 
conspicuous at either room temperture or 37°C. but there was 
more of a tendency to a flocculation of the casein at the latter 
temperature than at the former. 
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Bac. ichthyosmius.2. The culture used was isolated from a can 
of fishy evaporated milk.* At room temperature there was a very 
soft curd and a fishy odor in litmus milk in about twenty-four 
hours. Soon a digested layer appeared at the surface and this 
deepened with age until after six or seven days there was only a 
small mass of sedimented curd and this slowly decreased with 
continued incubation. The fishy odor was pronounced through- 
out the holding period. At 37°C. there was a definite but rather 
soft curd in twenty-four hours. The curd showed some tendency 
to whey off and to shrink but even in old cultures the lower half 
of each tube was still filled with a mass of curd. The fishy odor 
seemed to be less pronounced than at room temperature. A 
very few gas bubbles were noted at both room temperature and 
37°C. Limiting the oxygen supply by covering inoculated milk 
with nujol resulted in a slower change at both temperatures. 

Determinations at various intervals showed that acid produc- 
tion was more rapid and reached higher values at room tempera- 
ture than at 37°C., although the final acidities were low in either 
case. When nujol was used to limit the oxygen supply, the acid 
development was always slower. The increase in the soluble 
nitrogen was more rapid and reached higher values at room tem- 
perature than at 37°C.; this is what would be expected from the 
appearance of milk cultures at the two temperatures. 

The decrease in the numbers of organisms following the in- 
crease apparently began sooner at 37°C. than at room 
temperature. 

The striking difference between the cultures of Bac. ichthyos- 
mius at the two temperatures was the more definite coagulation 
and less complete digestion at 37°C. than at room temperature. 

An enzyme preparation was made by the method used with 
Ps. fluorescens and when added to milk it caused a digestion 
without definite curd formation in about three days at either 
temperature. Microscopic examinations and transfers to agar 
slopes showed that the digested milk was sterile. 


* Although incorrect, the original designation is retained. Bergey’s designa- 
tion, Escherichia ichthyosmia, is evidently also incorrect. The organism probably 
belongs to the genus Proteus. 

* Agr. Expt. Sta., Iowa State Col. Res. Bul. 38, 1917. 
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TRIALS WITH ADDITIONAL ENZYME PREPARATIONS 


A number of attempts were made to secure enzyme prepara- 
tions from various proteolytic organisms that produced rapid 
changes in milk. The usual procedure followed was to grow milk 
cultures for several days, add an excess of CHC), cork tightly 
and then shake frequently. The clear liquid collecting at the 
top was tried out for its effect on sterile milk in the proportion 
of one to ten, usually at both room temperature and 37°C. 
The organisms used were two cultures of Staph. cremoris-viscosi, 
two of Bac. ichthyosmius, one of Ps. fluorescens and one of 
Strep. liquefaciens, and a number of preparations were made 
with each. Agar slope cultures were regularly used to establish 
the sterility of the mixtures of milk and the enzyme materials. 

The preparations secured with the two cultures of Staph. 
cremoris-viscosi and the one culture of Strep. liquefaciens all 
failed to produce a change when added to sterile milk. Those 
secured with the two cultures of Bac. ichthyosmius and the one 
culture of Ps. fluorescens were quite active. 

With the enzyme preparations made from the cultures of 
Bac. ichthyosmius the general change in sterile milk was a diges- 
tion and coagulation. In general the action was more rapid and 
the coagulation more conspicuous at 37°C. than at room tem- 
perature, although the difference in the changes produced was 
not striking and was not as pronounced as the difference between 
the changes secured when Bac. ichthyosmius was grown in milk 
at the two temperatures. About six hours was the shortest time 
in which a definite change was noted in the appearance of the 
milk to which one of the preparations had been added. 

The enzyme preparations secured from the culture of Ps. 
fluorescens also caused a coagulation and digestion in sterile 
milk; they seemed to be quite active at 37°C. but at room tem- 
perature did not produce a definite change. In general coagula- 
tion seemed to be more conspicuous than in milk in which the 
organism was growing. About two days was the shortest period 
in which a definite change was produced. 

After holding about sixteen months all the preparations seemed 
to be less active than when they were first prepared. 
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DISCUSSION OF RESULTS 


From the results given it is evident that with certain organisms 
the type of change produced in milk at room temperature may 
be different than that produced at 37°C. The greatest difference 
noted was with certain of the proteolytic organisms and involved 
the formation of a more definite curd at 37°C. than at room tem- 
perature; there was also a difference with the gas forming lactic 
acid organisms but with the true lactic acid forms the type of 
change was not influenced by the temperature, although the rate 
was. This effect of temperature is of importance from the stand- 
point of the descriptions of organisms and suggests that in giving 
the changes produced in milk the temperature should be stated. 

It seems probable that because of its complexity milk might 
show a greater difference in the changes produced at various 
temperatures than most media. However, certain results indi- 
cate a pronounced temperature effect in the changes occurring 
in other media; for example, Hammer‘ found that Bac. ichthy- 
osmius produced acid in salicin bouillon at room temperature, 
while at 37°C. an alkaline reaction developed. 

There are various possibilities in connection with the cause of 
a difference in the changes produced at different temperatures. 
One explanation is a variation in the effect of the products of 
bacterial growth. This seems a probability with such organisms 
as the aerobacter types studied, where the acid is just about 
enough to cause coagulation; at the higher temperature the curd 
may be firmed up more than at the lower temperature, due to the 
combined effect of the acid and the heat, and the firm curd would 
more definitely show breaks due to the rising of gas bubbles 
than would the soft curd. Another possible explanation is a 
difference in the products of bacterial growth at the two tempera- 
tures. This involves whether or not the sweet curdling and the 
digestion are due to the same enzyme. The results obtained 
give no definite evidence on this point; it is just as probable that 
one enzyme might show a different effect at two temperatures 
as that two enzymes would be produced in different proportions. 


‘ Agr. Expt. Sta., Iowa State Col. Res. Bul. 38, 1917. 
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SUMMARY 


Comparisons were made of the changes produced in milk at 
room temperature and at 37°C. by various organisms. With 
certain species the temperature seemed to influence only the rate 
of change, while with others it also influenced the type. The 
changes produced at the two temperatures showed the greatest 
difference with certain of the proteolytic types, although other 
organisms also showed some differences; with these proteolytic 
organisms coagulation was much more conspicuous at 37°C. 
than at room temperature. The type of change was not in- 
fluenced by the temperature with the true lactic acid organisms, 
although with certain of them the rate was greatly influenced. 

The results suggest the necessity of giving definite information 
as to the temperature used when the changes produced in milk 
are recorded in the descriptions of organisms. 
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ABSTRACTS OF SOME PAPERS PRESENTED AT THE 
ANNUAL MEETING! 


The Hydrogen Ion Concentration of Cold Storage Butters. E. H. 
Parritr, Purdue University Agricultural Experiment Station, 
Lafayette, Indiana. 

The butters entered in the Butter Storage Contest at the Na- 
tional Dairy Show at Detroit in 1926 were tested to determine the 
hydrogen ion concentration when entering storage and when 
leaving storage. The storage period was three months. Butters 
increased in hydrogen concentration from average pH 6.13 to 
6.43. As the score decreased in storage, the pH decreased ex- 
cepting butters scoring over 94 and under 89. The butters which 
showed large numbers of proteolytic organisms increased in pH 
more than the butters low in proteolytic types. Butters with an 
alkaline flavor were acid, but increased more in pH than did 
butters not having an alkaline flavor. Butters containing start- 
ers varied the least in pH. The pH was determined colori- 
metrically. 


Methods of Adding Sugar to the Ice Cream Mizx2 W.H. Martin, 
Dairy Department, Kansas State Agricultural College, Man- 
hattan, Kansas. 

The purpose of this study was to compare, the common practice 
of adding sugar to the ice cream mix before homogenization, with 
another method of adding sugar after homogenization. Forty- 
four mixes were prepared and processed. Viscosity determina- 
tions were made, microphotographs of the fat dispersion taken, 
the rate of freezing and amount of overrun recorded. The body 
and texture of the ice cream was judged by different individuals 


1The following abstracts are from papers read at the June meeting of the 
American Dairy Science Association held at East Lansing, Michigan, June 22 
and 23, 1927.—Epiror. 

2? From a thesis—Sugar in Ice Cream, submitted by Kenneth Miller Renner 
in partial fulfillment of the requirements for the degree of Master of Science, 
Kansas State Agricultural College, 1927. 
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and by allowing the sample to be exposed to room temperature 
and the rate of melting observed. 

The addition of sugar to the ice cream mixes before homogeni- 
zation increased the viscosity to a greater extent than did the 
addition of the sugar after homogenization. The fat, as indicated 
by the micro-photographs, was more highly dispersed in the mixes 
homogenized without the sugar than in the case of the mix homo- 
genized with the sugar present. Sugar added to the mix after 
homogenization increased the ease of obtaining overrun. The 
resistance of the ice cream to melting at room temperature was 
decreased by the addition of sugar to the mix after homogeniza- 
tion. The method of adding the sugar had practically no effect 
on the body and texture of the finished ice cream. 


Recent Results Concerning Vitamin B Requirements for Calves. 
8. IL. Becupe., H. E. Honrywe R. A. DutcHer M. H. 
KNvuTSEN, Pennsylvania State College, State College, Penn- 
sylvania. 

Investigations on the vitamin B requirement of calves were 
started at the University of Minnesota in 1922. Three years ago 
this investigation was transferred to the Pennsylvania State 
College where it is still in progress. 

The results of the work up to April, 1926, as published in the 
September, 1926, issue of the JouRNAL or Darry ScIENcE, gave 
definite evidence that calves, unlike any other species of animal 
yet studied, will grow normally to maturity and produce normal 
offspring, on a ration that carries an insufficient amount of vita- 
min B to support growth and well-being in rats. In this report 
we stated that the deportment of the experimental calves could 
be explained only on the basis of vitamin B synthesis by bacteria 
and other microérganisms in the digestive tract. 

The milk from three of the experimental heifers that were fed 
continuously on the deficient ration for over two years was 
tested and found to carry as much vitamin B as milk from cows 
receiving a good winter ration. 

In order to make a study of the possible synthesis of vitamin B 
in the digestive tract, a permanent opening or fistula was made 
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into the rumen, through the left side of one of the experimental 
heifers to facilitate the removal of samples of fermented feed for 
study. Alcoholic extracts, made from the fermented rumen con- 
tents have given very positive evidence of the presence of the 
vitamin B growth factor. 

A study of the bacterial flora revealed the presence of an 
organism which was predominating to the extent of about 90 per 
cent. Classification studies to date indicate it to belong to the 
genus flavo bacterium. The species does not appear in any 
classification. This organism was grown in large quantities on 
the surface of vitamin B free nutrient agar. The bacterial 
growth was washed from the media with sterile water and the 
suspension evaporated at a temperature of about 45°C. The 
dried bacterial cells were fed to young rats as a supplement to a 
vitamin B free synthetic ration. Results to date have given 
very positive evidence that the bacterial cells are highly potent 
in the vitamin B growth factor. 

In the course of a few weeks we hope to have our data suffi- 
ciently augmented to publish a technical paper concluding that 
cattle, unlike any species of animal yet studied, have the ability to 
synthesize their own needed supply of vitamin B through bac- 
terial synthesis in the rumen. 


The Food Value of Milk as Affected by Rations. The Effect of 
High and Low Protein Rations. (Progress Report.) W. E. 
Krauss, Ohio Agricultural Experiment Station, Wooster, 
Ohio. 

It was found at the Ohio Agricultural Experiment Station that 
when cows were fed rations with nutritive ratios of 1:4 and 1:9 
production was maintained and the chemical composition of the 
milk remained unchanged. In order to arrive at the limits of 
protein feeding rations of wider diversity, nutritive ratios of 1:2 
and 1:13 were fed to two groups of three cows each and a study 
of the nutritive value and chemical composition of the milk 
produced on these rations begun. 

A slightly greater amount of vitamin A, in keeping with the 
amount furnished in the feed, was found in the milk of the high 
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protein cows. This difference was not great enough to be of sig- 
nificance in rating the quality of the milk. 

An exclusive milk diet of milk from the high protein cows caused 
the death of rats in a very short time. Some toxic substance is 
thought to have been a contributing factor in bringing about such 
early death since the iron content of the milk was found to be 
practically the same as that of milk, which when fed as the only 
source of food, enabled rats to live much longer. 

When milk from the high protein cows was fed as a supplement 
to a basal ration no harmful results were observed in rats and 
calves. 

There was some indication that milk from cows fed a ration 
extremely low in protein is lower in nitrogenous constituents and 
ash and higher in lactose than that from cows fed a ration ex- 
tremely high in protein. 


Regarding High and Low Protein Feeding Experiment. (Progress 
report.) A. E. Perxins, Ohio Agricultural College Experi- 
ment Station, Wooster, Ohio. 

Previous work as reported in Bulletin 389, Ohio Agricultural 
Experiment Station had shown reasonably satisfactory results 
with rations ranging from 1:4 to 1:11 in nutritive ratio. 

This paper reported the progress to date in the use of rations 
of still greater extremes, 1:2 and 1:13. This is as far in either 
direction as it seems possible to go with feeds commonly available 
on the market, if the rations are kept approximately normal in 
other respects. 

Both extreme rations are undesirable, failing to maintain the 
cows in proper condition and giving smaller production than the 
intermediate rations. 

A tendency for the cows to go off feed and failure to consume 
liberally of the rations has featured this phase of the work and 
may be responsible for the poor condition and production. 

There are strong indications that breeding difficulties are 
developing. 

It is felt that the limits of successful high and low protein 
feeding have been reached. 


1 


106 ANNUAL MEETING 


The Possibility of Producing Iodized Milk. C.F. Monrog, Ohio 

Agricultural Experiment Station, Wooster, Ohio. 

If the feeding of iodine to cows leads to the production of iodized 
milk there must be a large amount of milk sold in Ohio that is 
relatively rich in iodine. Some of this milk is produced in 
dairies where iodized milk is desired and the product is specially 
advertized and sold as “iodized milk.’”’ In other dairies the 
iodized milk is merely incidental to the feeding and administering 
of iodine to pregnant cows in order to prevent goiter in the new 
born calf. Many mineral mixtures and proprietary feeds con- 
tain added iodine. Therefore, whether or not we are in accord 
with the therapeutic principle of iodized milk, it is a question that 
is already with us, that is, if iodine is secreted in the milk from 
cows receiving iodine. 

As yet the present work at the Ohio Station has not advanced to 
such a stage as to warrant any final conclusions. Samples of milk 
from various cows which have not received iodine have been ex- 
amined and we have been unable to find any iodine present. We 
do not claim this milk to be entirely free from iodine, but we are 
sure that the iodine content was less than 1 part in 100 million. 
On the other hand, we have been able to find iodine in the milk of 
cows which received iodine in the form of potassium iodide, the 
amount varying between 1 part in 100 million to 1 part in 10 
million. 

The rate of feeding has been 0.1 gram of potassium iodide 
daily, or approximately 0.08 gram of iodine. At first the potas- 
sium iodide was mixed with the salt and this feed mixed with 
grain. Later we found it more convenient to make a solution of 
potassium iodide of such a strength that 25 cc. of solution contains 
0.1 gram of potassium iodide. This amount constitutes the 
daily dose, and is sprinkled over the dry grain in the evening. 


The Adaptation of the MacDonald Process for the Removal of Onion 
Flavor and Odor in Milk to Creamery Practice. C. ELMER 
University of Tennessee. 

The MacDonald process for removing onion flavor and odor 
from milk was discovered by Dr. Margaret B. MacDonald, of the 
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Tennessee Agricultural Experiment Station.* Briefly, the 
process, as determined with small quantities of milk, consists in 
the mixing of mineral oil with onion milk, which absorbs the 
onion flavor (allyl sulfide) ; the separation of the oil from the milk 
by gravity and filtration; washing the oil; and driving the onion 
flavor off and sterilizing the oil by heat or live steam. The oil 
is then ready for use again. 

The purpose of this paper is to show the preliminary adaptation 
of this process to creamery practice and equipment. 

A 40-gallon pasteurizing tank of the Sharples Emulsifying unit 
was used for the experiments at the University of Tennessee 
Creamery. Seven gallons of onion milk was placed in the tank, 
and five pints of Lilly Colorless Mineral Oil was added. ‘The agi- 
tator was started at a reduced speed, and the steam turned on in 
the water of the double jacket in order to heat the milk. The milk 
was agitated, and was heated to 115°F. It required about 12 
minutes to raise the temperature to that point. The agitator was 
stopped several times to allow the oil to rise to the top and to 
prevent too much agitation. The milk was left undisturbed for 
three minutes. After the oil had risen a sample was drawn until 
no oil appeared in the milk. This sample was poured back into 
the tank and another sample drawn to taste for onion. There was 
little if any evidence of onion flavor or odor in the milk. The milk 
was then drawn off through a cotton pad strainer into a milk can. 
Under the strainer was placed a speciai oil saver. This was de- 
signed to keep the oil from coming into contact with the cotton 
filter pad by keeping a layer of milk above the cotton pad. The 
oil was then drawn out into a can and the tank flushed out with 
cold water into the same can. The milk was poured back into the 
tank and the entire process repeated. The milk was then cooled 
and placed in cold storage. The taste of the milk at this stage 
showed no onion flavor or odor. 

All of the oil was poured into the tank and first washed with 
cold water to remove the milk, and then with a 10 per cent solu- 
tion of washing soda. This wash water was drained off, and the 


3 Circular No. 14, Tennessee Experiment Station. 
4 Journal of Home Economics, Vol. 19, No. 2, February, 1927. 
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oil was washed twice with fresh water in amounts large enough 
for the agitator to work. Live steam was turned directly into 
the oil until it reached a temperature of 180°F. This continued 
until all onion flavor and odor was driven off and the oil sterilized. 
The oil and water were then cooled in the tank by running cold 
water into the double jacket. The oil and water were drawn off 
into a glass bottle equipped for drawing the water off the oil, and 
the oil was then ready to use again. 

The oil which sticks to the vessels was washed out of the tanks 
and strainer with a 10 per cent solution of strong alkali. Trials 
were made with thin cream, which gave similar results, the oil 
and cream being used in equal amounts for each treatment. The 
following table shows the results of one of the trials with milk. 


Two treatments 
Treated 
59 58.5 recov- 
ered 
perature 
ered 
3.4 3.4 
6. Bacteria per cubic centimeter........... 114,000 62,000 
Onion No onion 
8. Milk recovered, per cent................ 99.1 
9. Oil recovered, per cent................. 97.7 


A Statistical Study of the Babcock Test. D.H. Netson, Division 
of Dairy Industry, University of California. 

Some two thousand tests were made of samples of normal 
unpreserved milk. The test bottles and pipettes were re-cali- 
brated and no tolerance allowed. All results in which the fat 
columns were not amber colored, translucent and free from 
visible suspended particles were discarded. Independent read- 
ings were made by members of the Dairy Industry Division who 
were instructed to estimate readings to the nearest hundredth 
per cent. 

The probable error of reading the test is +0.02 with a possible 
variation between different readers of 0.10 per cent. Greater 
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variations were observed when the fat columns were not amber 
colored, translucent and free from visible suspended particles. 
The probable error of pipetting the sample is completely over- 
shadowed by the error of reading the test. The probable error of 
the Babcock Method under favorable conditions is +0.02 which 
is due mainly to the method of reading. The Babcock Test has a 
wide variability which is affected by the color and clearness of 
the fat column as well as the difficulty of reading the meniscuses. 

The fat content of the milk has no appreciable effect on the 
probable error of pipetting the sample or of the method. 

On each of six samples of milk forty-four tests were made by 
the Babcock Method and sixteen tests were made by the Mojon- 
nier Method. The averages of the two methods on each sample 
were found to agree within the probable error of the Babcock 
Method. 


Opportunities for Dairy Economic Research. Roy C. Ports, 
Chairman Committee on Economic Phases of the Dairy Indus- 
try, Department of Agriculture, Washington, D. C. 

A paper was presented by Mr. Potts on the above subject in 
which he discussed some of the opportunities and needs for dairy 
economic research, and presented good reasons for the organiza- 
tion of a Dairy Economic Section of the Association. 

The farm value of dairy production amounts to over two and 
one-quarter billions of dollars annually. The dairy industry 
is complex by the very nature of its product, which reaches 
consumers in the form of numerous manufactured products. 
The dairy industry must be conducted on a sound economic 
basis if it is to be permanently successful. The marketing 
and distribution of dairy products must be conducted in accord- 
ance with sound business principles and methods. Economists 
in our agricultural colleges and universities studying the economic 
phases of the industry, need the close contact that this organiza- 
tion can give them. They need the help of the Departments of 
Dairy Industry or Dairy Husbandry in our colleges in planning 
their investigations. A Dairy Economic Section of this Associa- 
tion would afford an opportunity for the dairy economist and the 
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dairy scientist or technician, to come closer into coéperation with 
one another in a way that should be helpful to all. 

The dairy industry from an economic standpoint is not a fixed 
and stationary object. Instead it is a rapidly changing, growing, 
developing business institution which is governed by the wants 
and desires of nearly one hundred and twenty millions of people. 
It is one thing today, another tomorrow. Constantly it is under- 
going evolutionary change in accordance with economic law. 

The economic problems of the dairy industry know no bounds 
such as are determined and fixed by state lines. Therefore, the 
study of many of the economic problems of the dairy industry 
must be as wide as the industry which suggests the need of much 
coérdination of work among research agencies throughout the 
industry. 

If this Association is to serve the dairy industry in a real scien- 
tific and practical way as a fact finding and fact disseminating 
institution, it must coérdinate its forces with the forces of other 
institutions and agencies to the end that it is able to render the 
largest service to the industry. 

I like to think of our economic research in dairying from the 
standpoint of applied economics and yet that should hardly be 
necessary, for if our economic research lacks practical application 
it is not practical economics. At this stage we ought not to 
waste much time on things that are not practical. 


SPECIAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 


A special meeting of the American Dairy Science Association 
was held at Gayoso Hotel, Memphis, Tennessee, October 18, 
1927 under the auspices of the Southern Division. A very fine 
program of special interest to southern dairy workers was given. 
Among the speakers were: C. W. Larson, Chief, Bureau of 
Dairy Industry, Washington, D. C.; Dr. Bradford Knapp, 
President, Oklahoma Agricultural and Mechanical College; Mr. 
J. H. McClain, Dr. J. G. McDowell, Mr. J. B. Parker, Mr. 
T. E. Woodward, Mr. Ernest Kelly, Mr. R. R. Graves, Mr. M. 
H. Fohrman, and Mr. W. W. Swett, all from the Bureau of 
Dairy Industry; and J. H. Frandsen, Editor JourNnaL or Datry 
ScrENCE. 

Tuesday evening a splendid banquet was tendered to the mem- 
bers of the students’ judging teams, members of the association 
and friends of the dairy industry. President Morgan of the 
University of Tennessee gave the principal address. Mr. W. W. 
Swett, superintendent of the nineteenth annual students’ national 
judging contest announced the awards of the contest in which 32 
teams participated. Mr. Wm. White, superintendent of the 
eleventh annual national contest in judging dairy products 
announced the awards in that contest in which 14 teams took 
part. 

Much credit for the success of this special meeting is due to the 
untiring work of President J. S. Moore and Secretary A. C. 
Baer of the Southern Division. 

Regular sessions of the Production Section and the Official 
Testing Section were also held at this time. Minutes of these 
meetings follow. 


PRODUCTION SECTION 


A meeting of the Production Section of the American Dairy 
Science Association was called to order by Chairman A. C. Rags- 
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dale at 4:30 p.m., October 18, 1927, in the Gayoso Hotel at 
Memphis. 

The minutes of the previous meeting were read and approved. 

W. W. Swett, chairman of the Committee on Methods of Con- 
ducting Students Contests in Judging Dairy Cattle gave a brief 
report. 

Chairman Ragsdale raised the question as to whether the 
regular meeting of the section should not be held at the summer 
meeting of the association, which has been declared the annual 
meeting. 

Because many members cannot attend the summer sessions 
Mr. Dice suggested that it might be possible to alternate the 
regular meeting of the section between the summer meeting and 
the National Dairy Show meeting. 

Mr. Anthony moved that the regular meeting of the Production 
Section be held at the annual meeting of the association. Second 
by Mr. Gifford. Motion was passed. 

E. L. Anthony of West Virginia University was elected chair- 
man and C. F. Huffman of Michigan State College was elected 
secretary for 1928. 

Meeting adjourned at 5:00 p.m. 

H. W. Cave, Secretary. 


OFFICIAL TESTING SECTION 


Minutes of meeting of Official Testing Section, of the American 
Dairy Science Association, Gayoso Hotel, Memphis, Tenn., 
8:00 p.m., October 17, 1927. 

I. Reading and approval of minutes of last meeting. 

Il. Chairman appointed following nomination committee: 
Harris of Wisconsin, Dice of North Dakota, and Borland of 
Pennsylvania. 

III. Report of Breeds Relation Committee by M. H. Campbell 
of Vermont. Before giving formal report, Mr. Campbell called 
upon Harris of Wisconsin, who reported for the Holstein-Friesian 
Association, and gave summary of proposed Holstein-Friesian 
Herd Improvement Registry. Lynn Copeland reported for the 
American Jersey Cattle Club. He stated that there seemed to be 
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little demand among Jersey men for a herd test. In reporting for 
the Ayrshire Breeders’ Association, C. T. Conklin stated that 
there were nearly 2600 Ayrshires on test at the present time, or 
nearly double the number on test at any previous time, and that 
95 per cent of the herds on test were starting their third year. 

The following recommendations, as reported by Campbell, were 
approved: 

a. (1) This committee believes that a more accurate produc- 
tion may be obtained by using 12 supervisions per year without 
preliminary milkings, than by using 6 or 8 supervisions with pre- 
liminary milkings. We therefore recommend that 12 super- 
visions without preliminary milkings be used for herd test or herd 
improvement production records. 

(2) This committee believes that the securing of feed records 
for the benefit of the owner should not be overlooked in connec- 
tion with herd improvement work. We, therefore, recommend 
that the owner shall coéperate with the supervisor in furnishing 
monthly records of feed consumed by each cow, and such records 
shall be entered in the owner’s record book. 

(3) We recommend that the maximum milkings be 40 per day, 
unless supervisor is authorized by the state superintendent to 
take a larger number. Two cows may be milked at the same 
time, provided they are near enough for the supervisor to ob- 
serve both milkers at one time. The supervisor shall run single 
tests on each sample. 

(4) This committee recommends that records made in connec- 
tion with cow testing (or herd improvement) associations, in 
compliance with the rules as herein stated, may be accepted for 
entry in the herd test registry, provided the reports are O.K.’d 
by the superintendent within the state. 

(5) We recommend that daily milk records for each cow under 
test be kept by the owner. Such records are to be available at 
all times for inspection by the supervisor, and shall be furnished 
to the superintendent upon his request. The supervisor should 
copy on his monthly reports, milk weights for three days preced- 
ing the test. 

(6) We recommend that a committee be appointed from the 
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A. R. sections for the purpose of preparing a uniform blank to be 
used in reporting herd improvement tests. 

(7) We recommend that these rules concerning the super- 
vision of herd improvement tests should be sent to each breed 
association before the next meeting of their board of directors. 

After foregoing recommendations were adopted, Campbell 
continued report as follows: 

b. The Breeds Relations Committee of the American Dairy 
Science Association held a neeting October 16, 1927. Those 
present were Professors Harris, Reed, Borland, Dice, Williams, 
and Campbell. Breed Association representatives present were 
C. T. Conklin and C. M. Cummings, while Professor Harris 
represented the Holstein Association. 

A brief report was made regarding uniform test report blanks. 
A new supply of 500,000 blanks and 50,000 cards have just been 
printed. A sufficient supply was sent to each superintendent 
to last one year. The remainder were divided among the breed 
associations. 

Professor Dice reported on the rules for official testing. Since 
last year, the Holstein-Friesian Association has printed a new 
hand book in which are included the rules adopted by this organ- 
ization. The following recommendations regarding rules were 
adopted by the committee: 

(1) The committee believes that the rule adopted by the A. G. 
C. C. on the continuation of the one day test in case of a lost 
milking, is a good thing, and that this suggestion be made to the 
other breed associations. 

(2) The committee recommends that we approve and author- 
ize the A. G. C. C. to print in their rules, the rule asking a breeder 
to report to the superintendent of official testing in the state, and 
to the breed association, when a cow is dropped from test. 

(3) In view of the fact that the American Milk Goat Association 
has accepted our uniform rules for the supervision of official 
tests, except that a supervisor may test 20 goats daily, this com- 
mittee recommends that the A. R. section of the A. D. S. A. 
approve the supervision of official tests on milk goats by the 
superintendents of official tests for the several states. 
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(4) The American Dairy Science Association has been criti- 
cized to some extent for making uniform rules, but not having 
them enforced in all states. It must be remembered, however, 
that this Association has no jurisdiction over the various super- 
intendents of official testing. 

(5) This committee wishes, however, to recommend that the 
secretary of the committee send a letter to each breed association, 
asking which states are not following out the rules, and another 
to the state superintendents of official testing, with a copy of the 
uniform rules, and asking if they are following out the rules of the 
A. D. 8. A. The letter to the breed associations might suggest 
that the field men help gather information regarding rules used 
in testing. A second letter should be sent to the Dean or Director 
of the station where rules are not being followed, pointing out the 
position of the A. D. S. A. in connection with the testing, and 
making an effort to have these rules adopted in the state. 

(6) A suggestion was made that there was no system of uni- 
form blanks to be used by supervisors in various states in taking 
the barn records, thus causing an inconvenience in filing where 
check testing was done. It was therefore recommended that a 
committee be delegated to study the matter of forms for barn 
records and the possibility of adopting uniform blanks. This 
committee should report at the next meeting. 

IV. Recommendation passed that suggestion be made to Breed 
Associations, relative to coéperation in the matter of adopting 
name for the so called Herd Test or Herd Improvement Plan, now 
known as the Herd Test Plan by the Ayrshire Breeders’ Associa- 
tion, and as the Proposed Herd Improvement Plan by the Hol- 
stein-Friesian Association. 

V. A. C. Ragsdale of Missouri was elected chairman and G. E. 
Taylor of Michigan as secretary for 1928. 

J. M. Secretary. 


ANNOUNCEMENT 


With the completion of this issue of the JournaL or Darry 
Scrence I am glad to turn over the editorial responsibilities to 
the newly elected editor, Mr. A. C. Dahlberg of Geneva, New 
York. My wish is that he may have the same whole-hearted 
support that the American Dairy Science Association has given 
me during the ten years in which I have had charge of editorial 
work. 

I wish especially to express my appreciation to members of 
the Editorial Board, both past and present, for their careful and 
conscientious work in reviewing manuscripts referred to them for 
criticism. Indeed, much of the success of the JouRNAL is due to 
the helpful coéperation of members of the Editorial Board. 

To the publishers, The Williams & Wilkins Company, who 
have worked in and out of season to make the JouRNAL mechani- 
cally perfect, and who have never failed to meet and adjust the 
many problems that confront editor and publisher alike, I wish 
to acknowledge sincere appreciation. 

J. H. FRANDSEN. 
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DAIRY NOTES 


Officers of the American Dairy Science Association elected by mail 
ballot for 1928-1929 are: 

President: G. C. White, Storrs, Connecticut. 

Vice-President: A. C. Baer, Stillwater, Oklahoma. 

Secretary-Treasurer: J. M. Sherman, Ithaca, New York. 

Editor: A. C. Dahlberg, Geneva, New York, 


The members of the American Dairy Science Association by majority 
vote have asked the executive committee to create a new section of the 
association to be known as the Dairy Economic Section. It is expected 
that members interested in such a section will soon complete the organi- 
zation and elect officers. 


The Executive Committee has decided upon Madison, Wisconsin, as 
the place for the 1928 summer meeting of the American Dairy Science 
Association. 


The sixth annual meeting of the Eastern Division of the American 
Dairy Science Association was held at the Clinton Hotel, Springfield, 
Massachusetts, September 19 and 20 in conjunction with the Eastern 
States Exposition. The colleges and experiment stations in this divi- 
sion were all well represented at the meeting and on the program. At 
the annual banquet C. L. Burlingham, Publisher, The Breeders Gazette, 
Chicago, gave the principal address. 

J. G. Watson, livestock editor of the New England Homestead made 
the announcements and presented the awards in the students’ livestock 
judging contest and Wm. White of the Bureau of Dairy Industry, 
Washington, D. C., made the announcements and awards in the dairy 
products judging contest. 


Mr. L. H. Hempleman, Department of Dairying, University of 
Idaho, Moscow, Idaho, has applied for a patent on an invention known 
as ‘‘A Mechanical Device for the Rapid Calculation of Balanced Ra- 
tions.”” The inventor claims that this device will greatly simplify the 
matter of computing rations. 
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A Forward Step 


The great forward step made by the develop- 
ment of the Precision System of Pasteurization 
has eliminated one of the outstanding faults of 
previous pasteurizing apparatus. Considerable 
difficulty has been experienced heretofore, in hold- 
ing all of the fluid milk or cream at the minimum 
temperature for the period of time considered 
necessary. 

By means of the Precision System of Pasteuri- 
zation all of the milk or cream is heated, and held 
at the desired temperature during the entire 
minimum period with a variation of less than 
one degree Fahrenheit. The great difficulty in 
pasteurization has been positively removed. 

Dairy plant chemists, managers and Public 
Health officials should be interested in receiving 
further information concerning this new develop- 
ment. A brief note will bring this literature to 
your desk. 


THE CREAMERY PACKAGE MFG. COMPANY 
1244 W. Washington Blvd. Chicago, Ill. 


Sales Branches in Principal Cities 


DAIRY - PRODUCTS - PLANT - EQUIPMENT 


Your advertisement is being read in every State and in 25 Foreign Countries 


SY 
| 
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Tested Texts in Science 


Bacteriology. By H. J. Conn and W. H. 

Conn. 3rd edition. 453 pp. 59 illus. 

$4.00. 

An Elementary Guide in 

General Bacteriology. By H. J. Conn. 

9 pp. 26illus. $3.00. 

Food Infections and Food Intoxications. 

4 Samuel R. Damon. 264 pp. 16 illus. 
00. 


Essentials of Immunology for Medical 
Students. By Arthur F. Coca. 160 pp. 
16 illus. $3.00. 

Manual of Veterinary Bacteriology. By 
—— A. Kelser. 525 pp. 92 illus. 


Principles of Soil Microbiology. By Sel- 
= A. Waksman. 897 pp. 82 illus. 
10.00. 


Chemistry and Biochemistry 


A Pronouncing Chemical Formula Speller 
and Contest Guide. By C. Alfred Jacob- 
son. 279 pp. 84.00. $3.00 in lots of 10 
for school use. 

Practical Physiological Chemistry. By 
Sydney W. Cole. 7th ed., enlarged and 
improved. 479 pp. illus. $5.00. 
Fundamentals of Biochemistry in Rela- 
tion to Human Physiology. By T. R. 
Parsons. 2nd ed. 295 pp. 23 figures. 
$3.00. 


Dermatology 


Diseases of the Skin. By Robert W 
MacKenna. 2nd rev. and enlarged edi- 
tion. 452 pp. 36 color plates, 143 illus. 
$7.50. 

Outlines of Common Skin Diseases. By 
?. Casper Gilchrist. 54 pp. 53 illus. 
$1.5 


Geology 


Leached Outcrops as Guides to Copper 
Ores. By Augustus Locke. 175 pp. 
18 figures, 25 plates, 2 folders. $5.00. 
Treatise on Sedimentation. Edited by 
William H. Twenhofel. 661 pp. 61 
illus. $7.50. 


Mathematics 


Mathematics of Engineering. By Ralph 
E. Root. 540 pp. 115 cuts. $7.50. 


Bacteriology, Immunology Medical History and Ethics 


Medicine: An Historical Outline. By 
a G. Seelig. 207 pp. 49 portraits. 


0 of Preventive Medicine. By 
Sir Arthur Newsholme. 226 pp. 6 por- 
traits. $3.00 


Percival’s Medical Ethics. Edited by 
Chauncey D. Leake. 240 pp. 11 illus. 
$3.00. 


Pharmacology 


A Textbook of Pharmacology and Thera- 
eutics. By E. Poulsson. ans. by W. 
. Dixon. 519 pp. $6.00. 


Physical Diagnosis 


The Normal Chest of the Adult and the 
Child. By J. Arthur Myers. 419 pp. 
143 illus. $5.00 


Modern Aspects of the Diagnosis, Classifi- 
cation and Treatment of Tuberculosis. 
By J. Arthur Myers. 268 pp. 27 half 
tones, 7 line cuts. $5.50. 


Psychiatry 


pentiet of Psychiatry. By George W. 
Henry. 200 pp. $2.75. 


Psychology 
Social Psychology. By Knight Dunlap. 
261 pp. $3.00. 


Social Psychology Interpreted. By Jesse 
W. Sprowls. 268 pp. $4.00. 


Clinical Psychology. By Louis E. Bisch. 
346 pp. illus. $3.00. 


Public Health 


Public Health Law. By James A. Tobey. 
304 pp. $4.50. 


The Tuberculosis Worker. By Philip 
P. Jacobs. 314 pp. $3.00. 


Sociology 
Conservation of By Paul 
Popenoe. 266 pp. $3.00 
The Community of By 
Eleanor T. Glueck. 222 pp. $3.00 


Examination Copies and Descriptive Circulars on Request 
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BALTIMORE, U. S. A. 
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Business for 1928 bears the promise of prosperity. 

Sound judgment, constructive management, and wise economy 
are essential if you are to realize your share of this prosperity. 

These qualities of successful business management explain 


why hundreds of dairymen, creamerymen, and cheese makers 
have standardized the 


for all their cleaning work. 

Unvarying quality and uniformity are guaranteed in these un- 
equalled cleaners because the manufacturers own their own 
quarries, mines, railroads, steamships, factories, and laboratories. 

The great confidence enjoyed by the Wyandotte Products has 
been built on a foundation of quality and performance. 


Ask your supply man for 
“WYANDOTTE” 


Tue J. B. Forpj Company Sole Mfrs. Wyandotte, Michigan 


Your advertisement is being read in every State and in 25 Foreign Countries 


Cleaner and Cleanser 
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ANNALS 


of the PICKETT-THOMSON 
RESEARCH LABORATORY 


A scientific journal issued at irregular intervals by the Pickett- 
Thomson Research Laboratory of St. Paul’s Hospital, London, 
England. 


Its aim is to publish comprehensive monographs on various 
pathogenic bacteria and to issue some 400 microphotographs of 
colonies of the various bacteria during each volume. 


Accumulated volumes will form an invaluable reference work 
on bacteria and other micro-organisms for the physician and 
research worker. 


Price $10.00 a volume, postpaid 


(Descriptive circular upon request) 


Order from U.S. Agents 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Periodicals and Books 
BALTIMORE, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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quantity 
and Quantity Production has made possible 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Second Revised and Enlarged Edition 


PREPARATION OF SCIENTIFIC 
AND TECHNICAL PAPERS 


By Sam F. Tretease and Emma 8. YuLE 


N authoritative discussion of first steps in treating scientific data, sug- 
gestions for subject matter and arrangement, corrections and altera- 
tions in manuscript, preparation of copy, kinds of type and how to indicate 
them, proper uses of tenses, correct abbreviations, compiling tables, refer- 
ences to literature, headings, illustrations, footnotes, proof reading, quota- 


tions, tables of contents. 


A book that has grown through the authors’ years of experience in the 
supervision and in the actual preparation of scientific and technical papers. 


Cloth, 117 Pages, Bibliography. 


PRICE $1.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 


BALTIMORE, U. S. A. 


Every Bacteriologist Should Have 
Dictionary 
of Bacteriological 
Equivalents 


» By PARTRIDGE 


IVES French, German, Italian 

and Spanish-English equiva- 

lents of diseases of man, animals, 

plants, and chemical substances 
and laboratory operations. 


Cloth, 5 x 7}, 140 pages 
Price $4.00 


The Williams & Wilkins Co. 


Baltimore, U.S. A. 


RAINMAKING 


and Other Weather Vagaries 


By W. J. HUMPHREYS 
U.S. Weather Bureau, Washington, D. C. 


Author of Physics of the Air; Weather 
Proverbs; Fogs and Clouds 


A popular account of man’s attempts 
thruout history to control rainfall by 
mystic, religious, magical and scientific 
means. 

Both a collection of curious weather lore 
and folk lore, and an analysis of the true 
and the false in popular scientific concep- 
tions of rainfall causes. 

Written in the author’s well known sim- 
ple and pleasing manner. An entertaining 
and instructive book that holds interest 
from beginning to end. 


Cloth Price $2.50 527 
The Williams & Wilkins Company 


Publishers of Scientifie Books and Periodicals 
Baltimore, U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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“Tt’s the man who can’t swim who always takes chances 
with a leaky boat.” 


We could multiply words in pointing to a moral, but suffice 
it to say, when you use 
KVP GENUINE VEGETABLE PARCHMENT 


for wrapping of your food products you are taking no 
chances whatever. 


Fundamental Concepts of 
Physics 


By PAUL R. HEYL, 
Physicist, Bureau of Standards, Washington, D. C. 


No man can reduce the abstractions of physics, of space, matter and time, of 
atomic structure, of thermodynamics, to the language of the primer; but Dr. 
Heyl’s book brings them within the scope of any person willing to think. 


Dr. Heyl was winner of the Boyden premium of the Franklin Institute in 1907 
offered to that scientist who should measure the velocity of the invisable light 
rays; he is well known for his work in crystallization, under electrostatic stress, 
from a current bearing electrolyte. 

A book which will serve a dual purpose—to entertain and to instruct. A book 
which you will enjoy reading just as you like good literature of other sorts. 


Price $2.00 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, 'U. S.A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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ALL THE NEWS 
THERE IS! 


Every event of importance in the 
realm of {Guernsey cattle and 
Guernsey men is reported twice a 
month in The Guernsey Breeders’ 


Journal. Ask for a sample copy. 


For further information on Guern- 


sey cattle, write for 


‘“‘The Story of the Guernsey” 


THE AMERICAN GUERNSEY CATTLE CLUB 


5 Grove St. Peterboro, N. H. 


MARSCHALL 
RENNET anpD COLOR 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 


POPULAR 
RESEARCH NARRATIVES 
VOLUMES I, Il 
Edited by ALFreD FLINN 
Two small volumes of 50 five-minute 
stories of research and invention by the 
men who ‘did it’. Sponsored by Engi- 

neering Foundation. 
Volume I, $.50 Volume II, $1.00 


The Williams & Wilkins Company 
Baltimore, U.S. A. 


Chart taken from Recording Thermometer indicating that the 
Mojonnier Culture Controller maintained a 
temperature of 68° F. for 15 hours. 


Uniform ‘Temperatures 


are an absolute necessity in many op- 
erations in the dairy laboratory. It 
has repeatedly been demonstrated 
that cultures for butter, buttermilk, 
cheese and Bulgaricus and Acidoph- 
ilus milk, propagated in a 


Culture Controller 


are more vigorous and uniform, insur- 
ing a quality product at all times. 
Made in four models to suit any 
needs. 


Write for descriptive literature. 


MILK ENGINEERS 


4601 West Ohio St. Chicago, III. 


One of the 4 models of 
Mojonnier Culture Controllers. 
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American Society of Mammalogists. 


THE BEAVER. 
ITS: WORK AND ITS WAYS 
| By Edward H.. Warren 


The beaver, one of the: most: interesting of the amall animals of 
North America; is: rapidly decreasing:im numbers. Mr. Warren's 


if its: natural. environment. ‘The: book: is the first comprehensive 
work. issued on the beaver in fifty years: 

While it is: scientifically correct and. gives exact information, the 
book is written in non-technical style;:thatevery amateur naturalist 
can. understand and’ enjoy. It. is: beundsin de; Luxe Vellum and 
carries: seventy-one: line: cuts and. seventy-three: halftone i!!ustra- 
tions. bibliography. and ian index. 


Price; $3.00 postpaid 
THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals. 
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‘Gutter makers 
agree that there is 
“no wrapper equal 
to genuine Vége- 
table Parchment 
for protecting the 
cherished delicacy 
and purity of their 
product. 


Original Makers of Vegetable Parchment 
Passaic, Ni 


Bacto-Galactose-Whey Agar 
A medium especially adapted for the cultivation and study of Lactobacillus. 
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